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SUMMARY 


Ob r 1 ectives 

This research is concerned with establishing a correlation between 
objective and subjective comfort ratings of vehicles. The Absorbed Power 
(AP) comfort criterion was used in an Amplitude Frequency Distribution 
(AFD) format for the objective measure. The objective ratings were then 
correlated with passenger subjective responses. 

Method 

The method used in this project to reduce analog tape records of 
acceleration versus time into a compact and useful form was the Amplitude 
Frequency Distribution method. The AFD method, which is a discrete joint 
probability of amplitude and frequency, unlike the Power Spectral Density 
(PSD) method, retains amplitude distribution data as well as frequency 
distribution data. 

The Absorbed Power concept of comfort evaluation was then employed 
to evaluate ride quality. The Absorbed Power concept uses the power 
absorbed by a human body as the measure of discomfort and has been shown to 
correlate with subjective response. The acceleration data were put into 
AFD format and then transformed into absorbed power, as an objective ride 
measure. This computed objective ride measure was then correlated with the 
subjective evaluation for the same ride. Hybrid computer methods were used 
to process acceleration and absorbed power data, and for correlation studies. 

Correlation studies were based on subjective ride data taken on a city 
bus with the objective ride data developed from three-dimensional acceleration 



time histories recorded on the bus. On completion of the correlation of 
the bus data, a corresponding six-degree model was developed for future 
evaluation of aircraft ride quality. 

Conclusion 

The correlation of absorbed power as an objective ride measure to 
the subjective evaluation for the bus data was successful. For some 
individual bus rides the correlations were poor, but when a sufficient 
number of rides was used to give reasonable sample base, an excellent 
correlation was obtained. The following logarithmical function was 
derived: 

S = 1.7245 In (39.6849 AP) 
where S = one subjective rating of the ride; and 

AP = the absorbed power in watts. 

A six-degree-of-freedom method developed for aircraft data was completed 
and some preliminary correlations were attempted. However, because of 
insufficient data (too small a sample), and since there was no assurance that 
the acceleration data were properly matched with the subjective ratings 
(exact start-stop times were unknown) , the correlation of aircraft data is 
not considered to be very exact. 

Finally, preliminary correlation of absorbed power with ISO standards 
further enhances the bus ride and absorbed power correlation numbers since 
the AP's obtained are of the same order of magnitude for both correlations. 
While it would then appear that one could just use ISO standards, there is 
no way to add the effect of three degrees of freedom. On the other hand, the 
absorbed power provides a method of adding the effects due to the three major 
directions plus the pitch and roll. 
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1 . INTRODUCTION 


1.1 .Problem Statement and Research Objective 

The following is the original work statement from the research 
proposal: 

It is the object of this research to take vehicle acceleration 
versus time data supplied by NASA and perform an objective evaluation 
of ride quality for that vehicle /guideway system. The Amplitude 
Frequency Distribution (AFD) techniques as applied to the Absorbed Power 
method of comfort evaluation previously used on automobile/road roughness 
studies by the investigators will be extended to include three degrees 
of freedom. This extended method will then be used to evaluate the 
subjective ride and acceleration data taken by Old Dominion University 
researchers on a city bus. The subjective and objective ride ratings 
will then be correlated. 

After correlating the above data, work will be initiated to develop 
the method to include all six degrees of freedom so that the same or 
similar techniques might be applied to aircraft ride data. 

1.2 Basic Statistical Measures 

Measured records must be recognized as random signals of finite duration 
and, as such, they can be viewed and described in terms of three basic 
"domains": time, amplitude, and frequency. The time domain description is 

the unprocessed signal— versus— time . All types of amplitude domain descriptions 
reduce the measured signal to a single number or a table of values which is 
mathematically equivalent to computing an amplitude- probability distribution 
for the signal. Frequency domain representations of signals are generally 
considered to be the most useful. They are based on the concept that any 
observed random signal can be reconstructed by adding together a number of 
different sine waves. 

At first glance, it would appear that the power spectral density con- 
tains a complete description of amplitude variations, thus making any 
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amplitude-distribution calculations superfluous. However, the ordinate of 
a PSD curve indicates only the average signal amplitude at a particular 
frequency. A large PSD value can conceivably be produced by either a few 
cycles of large amplitude or a large number with small amplitudes; the dis- 
tinction cannot be made from the PSD curve alone. On the other hand, it is 
not possible to extract any information about frequency distribution from 
amplitude density curves. It is evident from these considerations that the 
PSD and amplitude density curves each contain unique information, and a simple 
method of combining the two representations is desirable. 

An effective method for combining the information contained in both 
the PSD and the amplitude representations is to reduce the random time- 
history signal to a simple tabular array that displays both the height 
and the length features on the random data, as in Figure 1.1. Here the co- 
ordinates (linear or logarithmic), amplitude (in feet, g's, etc.) versus 
frequency (in Hertz, rpm, cycles per foot, etc.), are divided into a number 
of finite bands as shown. Numbers like N are computed and entered at each 
window-like intersection of the bands. The numbers express the total number 
of signal peaks with the amplitude and frequency of that box in the array. 

The complete array of numbers thus identifies the random signal as a com- 
bined amplitude and frequency distribution. Thus, the AFD not only gives 
the frequency distribution, but also shows the amplitude make-up and 
distribution of each frequency band. 

1.3 Historical Review of Comfort Measurement 

Many experimental investigations concerned with human reaction to 
vibration have dealt with the degree of comfort expressed by test subjects. 
These individuals were exposed to ride levels associated with various 
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Amplitude, A, ft 



Figure 1.1. Basic Elements of AFD, the Amplitude Frequency Description 
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vibrational frequencies and amplitudes and then were asked to form an 
opinion of the ride sensation. For the most part, these experimental 
vibrational inputs have been generated in the laboratory, although a few 
investigations have been conducted in on-the-road environments. As a re- 
sult of these subjective interpretations of the ride environment, several 
sets of tolerance curves have been developed to define limits on vibrational 
intensity for sinusoidal and random motion. 

One of the first studies was conducted in Germany in 1931 by Reiher 
and Meister (1). Twenty-five subjects of varying ages were subjected to 
horizontal and vertical accelerations while in standing and sitting positions 
After 15 minutes each subject was asked to evaluate his ride and place his 
interpretation of roughness into one of six categories, from imperceptible 
to intolerable. From these data several tolerance-level curves were 
formulated. 

r 

In 1933, Jacklin and Liddel (2), using only three ride-level categories 
in their study — perceptible, disturbing, and uncomfortable developed a 
mathematical relationship to describe a comfort index. This relationship 
utilized both the amplitude and frequency of the vibration. 

Several years later, based on a comprehensive review of other tolerance 
studies, Janeway (3) developed an equation to describe M comfort level" at 
various frequencies due to vertical sinusoidal vibrations. In addition to 
vibration amplitude, Janeway considered comfort a function of "jerk," the 
first derivative of the acceleration, for frequencies from 1 to 6 Hz, a 
function of acceleration between 6 and 20 Hz, and a function of velocity 
from 20 to 60 Hz. 

Ten Cate (4) also attempted to place different ride levels into 
mathematical form, using the principle that a sensation is proportional to 
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the common logarithm to the base 10 of the stimulus intensity. He proposed 
a standard vibration intensity unit called a Pal and defined three categories 
of comfort from just detectable to troublesome. 

Most of the tolerance curves described in the preceding have somewhat 
similar shapes. Tolerance generally decreases at very low frequencies, 
with a minimum value occurring between 4 and 8 Hz. Above 8 Hz, tolerance 
to vibratory intensity increases rapidly. This fact is attributed to the 
increased attenuation of the vibration by the human body. Differences 
among the comfort criteria, however, are also apparent. The major 

# y 

difference is due to the definition of ride level by each investigator. 

Two particular tests in 1962 warrant mentioning. Snyder (5) reported 
the results of a series of studies conducted at the Boeing Company , 

Wichita, Kansas. The experiments were designed to establish four levels 
of test scores. These scores were to provide a preliminary comparison of 
effects of sinusoidal and random vibrations on human performance. Snyder 
found "some similarity' 1 in ef fects ' on performance for these vibrational 
inputs. The most promising relationship between these two vibrations appears 
to be a combination of root mean square amplitude, power, and frequency. 

Later in the same year, one of the first studies utilizing on-the- 
road environments was attempted. To measure "riding comfort, Van Deusen 
(6) devised a jury rating system. A group of trained ride-engineers were 
asked to assign a number to their impression of the ride on a particular 
road. An average number was then assigned to that surface. 

Van Deusen then attempted to develop some physical measurement of 
ride comfort that would require fewer experimental observations, and, at 
the same time, be more objective than jury rating. He measured acceleration 
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at the seat and head of the passenger in three mutually perpendicular 
directions. This was done while driving over 38 road sections of a 
proving ground course. Measurements of acceleration, velocity, and jerk, 
together with subjective jury ratings from the same segment of proving 
ground course, were examined for correlation. High correlation was found 
for mean square acceleration and mean square jerk in the three directions. 
It was also found that the mean square vertical acceleration of the body 
correlated 0.815 with jury rating. 

In 1965, using the Dynamic Ride Simulator facility at the U. S. Army 
Tank-Automotive Center, Holland (7) subjected human subjects to vertical 
random vibrations in a systematic manner, testing their ability to perform 
simple tasks under vibrational conditions. The experimental results 
consisted of their subjective judgments of severity placed on a numerical 
scale. He found that direct magnitude estimates provide an effective 
method for qualifying the subjective counterpart of random vibratory 
motion. The subjective estimates of vibratory roughness depend on the 
relative distribution of the frequency spectrum. 

In 1966, Butkunas (8), considering all input motion to the passenger 
(tactile motion as well as whole-body motion) , developed a technique 
whereby an overall ride sensation index is formed. He evaluated 
acceleration data obtained on 14 different vehicles under four different 
road-speed combinations to arrive at his comfort index. These acceleration 
measurements were taken on the seat cushion, seat back, and floor pan. 

To compute one comfort index from these three measurements, each 
measurement was processed through a weighing function — weighing the PSD 
spectra with the frequency response of the ’’man." The resulting weighed 
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spectra were integrated over the frequency range and summed. The square 
root of this sum gives the final comfort index. 

The techniques of comfort evaluation mentioned above have been 
generally restricted to sinusoidal inputs generated in the laboratory. 

Since road surface irregularities are random in nature, these investiga- 
tions fail to provide an accurate picture of the situation. Moreover, the 
investigators who have conducted on-the-road experimentation have relied 
on subjective interpretations of ride comfort from trained individuals. 

These results have also failed to be adequate. Nevertheless, the results 
from the above investigations have been a starting point in comfort 
evaluation, even though they fail to produce a numerical ride index with 
physical interpretation in regard to passenger response. 

In 1966, to overcome the existing research trend of heavy emphasis 
on experimental tests to assess the effects of mechanical vibration on 
comfort measurement, Pradko and Lee (9, 10, 11) introduced a new comfort 
parameter called "absorbed power." Absorbed power is an energy flow rate 
dependent on the anatomical properties of the human body and relatable to 
passenger subjective responses. It was developed, without prior knowledge 
of the frequency spectrum, to describe human dynamics. Absorbed power tech- 
niques are discussed in Chapter 2 and in detail in Appendix A. 

An International Standards Organization (ISO) standard defining human 
tolerance to whole-body vibration has been under development for a number of 
years. It is understood that it has received the necessary approval by ISO 
member nations and is likely to be published shortly. A Draft International 
Standard (ISO/DIS 2631), "Guide for the Evaluation of Human Exposure to 
Whole-Body Vibration," was submitted on April 28, 1972, and voted on by 
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August 28, 1972. It seems likely that European countries will incorporate 
the ISO document into their own new standards and replace existing 
standards of which the most significant is that of the German VDI (12). 

Three degrees of disturbance are postulated: reduced comfort, fatigue 

decreased proficiency, and an exposure limit above which an acute physical 
hazard due to the vibration is considered to exist. The standard suggests 
methods of dealing with broad frequency band linear vibration in a given 
direction, but does not deal adequately with combined effects of different 
directional vibration components or effects of rotational vibration. 

The limitations of this standard are well known by its originators, 
and it has been stressed that the criteria suggested must be confirmed in 
each individual type of vibration environment. There are two further 
limitations of the draft standard: first, it deals with vibration only 

above 1 Hz, whereas significant amounts of energy even in the vertical 
direction exist below 1 Hz; second, two alternative measurement procedures 
are specified allowing either (a) third-octave analysis of each vibration 
component so that individual frequency components can be compared with the 
appropriate limiting criteria for that frequency, or (b) averaging of a 
component vibration in a frequency-weighted meter with a total effect 
indicated from the weighting. 

In relation to the effect of vibration below 1 Hz, recent analysis of 
the published data by Allen et al. (13) suggests that the tolerance again 
drops, to be no higher than that in the 4 to 8 Hz frequency range. 
Experiments to determine the significance of pitch and roll motions have 
been reported from Italy (14), but there has. been little confirmation of 
the tolerance data. 
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More recent work in ride quality was reported at the first symposium 
held on vehicle ride quality (15). This symposium was conducted by the 
National Aeronautics and Space Administration at the Langley Research 
Center. While all of the papers presented at this symposium are pertinent, 
one is singled out here. Vinje (16) reported on analytical and experimental 
evaluation of proposed ride comfort criteria at United Aircraft Research 
Laboratories. He reported a lack of correlation between index and rating 
due to human tendency to rate ride relative to average ride rather than 
to an absolute standard. He further noted that one must know how the bumps 
occur rather than compute their average and that somehow this must be taken 
into account to establish an index. 

Since the first symposium in Summer 1972, there have been ride quality 
workshops held about every six months to allow people in the ride quality 
area to exchange ideas. Unfortunately, no formal documentation of these 
meetings is available. However, some notes and list of attendees can be 
obtained from the VSTOL office at NASA Langley. 

In November 1973, the Council for Advanced Transportation Studies, 
University of Texas at Austin, published "Literature Survey on Passenger 
and Seat Modeling for the Evaluation of Ride Quality" (17) as a research 
memo to the Department of Transportation (DOT OS 30093RM8). While this is 
not 100 percent complete, it is an excellent working survey for anyone in 
the ride quality area. 
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2. CORRELATION OF OBJECTIVE WITH SUBJECTIVE RIDE RATINGS 


2 . 1 Objective Ride Criterion 

The objective ride measures used in this study are based on the concept 
of absorbed power. This criterion was developed by researchers at the Army 
Tank Automotive Command (9, 10, 11) and is based on an energy flow rate 
which is dependent on the anatomical properties of the human body. The 
human body properties were determined experimentally and the absorbed power 
was related to passenger subjective responses. The basic concepts of 
absorbed power are given in detail in Appendix A. 

The information needed for the determination of absorbed power is the 
acceleration at the interface between the passenger and the vehicle. The 
experimental data which was used as input had been obtained prior to 
initiation of this project and consisted of three-directional accelerations 
measured on the floor of a bus using a NASA instrument package. These 
accelerations in the vertical, longitudinal, and lateral directions were 
measured near the front of the bus and simultaneously near the center of 
the bus, and recorded on magnetic analog tape. The accelerations were not 
measured at the passenger seat interface, but were used in this initial 
project to see if the absorbed power criterion might correlate to subjective 
passenger response. Seat transfer characteristics were determined and 
proved to be of little consequence. Future work should require that the 
accelerations be measured at the proper location or seat transfer character- 
istics will have to be determined for every case. 

Absorbed power can be computed from the acceleration data in either 
the time or frequency domain for each direction. Since power is a scalar 
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quantity, the total power can be obtained by summing the power in all 
three directions. For this study, the frequency method was used since 
the results would reveal those frequency bands that contribute to the 
greatest discomfort. The format for the calculations is shown by Equation 
A. 6 (Appendix A) as follows: 

N 

Average AP = Z K.A 2 

i=o RMS 

Where AP = the absorbed power in watts; 

A_j ~ the root mean square of the acceleration at a given frequency; and 
U RMS 

K. = the parameter used to transform the acceleration squared into absorbed 
power at a given frequency. 

Before giving the calculation details, the AFD concept for formatting the data 
will be presented. 

2 . 2 AFD Format for Absorbed Power 

The AFD method has been found useful in making comfort measurements 
because it readily identifies both amplitude and frequency bands of the 
acceleration inputs that are causing the discomfort to the vehicle passenger 
(18). Details of this method, which can be used on any random data, are 
given in Appendix B. The acceleration data for each of the three directions 
were filtered into eight frequency bands and peaks were placed in six 
amplitude bands. 

2.3 Computation of Absorbed Power Using AFD 

The seat acceleration AFD is the beginning point for comfort evaluation 
by the Absorbed Power method. As indicated above. Equation A. 6 shows 
that the total absorbed power for a vibration spectrum is the summation of 


13 



the power at each frequency. The values are for frequencies in Hz, 
which can be obtained by multiplying the mid- frequency by the vehicle 
speed in fps. Since each block of the seat acceleration AFD has a mid- 
amplitude and a mid— frequency value, the average absorbed power attributable 
to each AFD can be calculated from Equation A. 6. Intermediate values for 
this calculation are based on run 8, vertical motion, and are shown in 
Table 2.1. The resultant absorbed power matrix is shown in Figure 2.1. 

This value of absorbed power shown in each block, however, would be the 
power absorbed by a passenger subjected totally to an acceleration of that 
mid— frequency and mid— amplitude value. To take account of the fact that the 
actual acceleration consists of various frequencies and amplitudes, the 
absorbed power matrix is normalized by dividing each block by the maximum 
number of counts that would be shown by a sine wave of that mid-frequency 
for that length of time. For example, the last column has a mid-frequency 
of 11.314 Hz. Any amplitude sine wave of that frequency would produce 
169.7 counts in that time. These numbers of counts could be termed M and 
are calculated for each frequency. By dividing the absorbed power matrix 
by the M. values, a new matrix is obtained which will be called the Normalized 
Absorbed Power Matrix (NAPM) . Each block of the NAPM is then K_^A^ /M^ which 
is equal to the absorbed power contribution per count of the seat acceleration 
AFD. These values are shown on the matrix of Figure 2.2. The NAPM matrix 
shows those areas which contribute the most to absorbed power (or discom- 
fort) and, thus, gives a picture of the amplitudes and frequencies that 
contribute to a comfortable ride. 

To determine the absorbed power for a particular ride segment, the NAPM 
is multiplied block by block with the seat acceleration AFD to give the 
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Table 2.1, Factors for Absorbed Power Calculation 
for Run 8, Vertical Motion 


Mid-Frequency 

Hz 

0.088 

0.177 

0.354 

0.707 

1.414 

2.828 

5.657 

11.314 


Absorbed Power 
Constant K. 
Watts/ (ft/sec 2 ) 2 

0.000082 

0.00033 

0.001325 

0.005631 

0.02460 

0.12150 

0.14595 

0.03647 
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m 

0.401 

0.00682 

0.02746 

0.11024 

0.46851 

2.04678 

10.10910 

12.14340 

3.03440 

Ml 

d 

0.257 

0.00281 

0.01132 

0.04543 

0.19309 

0.84354 

4.16625 

5.00465 

1.25056 

O 

•H 

4-1 

cd 

0.165 

0.00116 

0.00466 

0.01872 

0.07958 

0.34765 

1.71703 

2.06256 

0.51539 

H 

0) 

H 

<U 

0.101 

0.00048 

0.00192 

0.00772 

0.03280 

0.14328 

0.70764 

0.85004 

0.21241 

O 

0 
<2 

1 

0.069 

0,00020 

0.00079 

0.00318 

0.01352 

0.05905 

0.29164 

0.35033 

0.08754 

T) 

s 

0.044 

0.00008 

0.00033 

0.00131 

0.00557 

0.02434 

0.12019 

0.14438 

0.03608 
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0.354 
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11.314 


Mid-Frequency in Hertz 

Figure 2.1. Absorbed Power Matrix, K, A . 2 (watts), for Run 8, 
Vertical Motion ' 
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Figure 2.2. 
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absorbed power AFD as shown in Figure 2.3 for run 8, segment 1, verti- 
cal motion. The absorbed power AFD shows the amount of power attributed 
to each frequency and amplitude block for the guideway and vehicle being 
examined. The absorbed power for each frequency band can then be 
obtained by summing the blocks vertically, or the total absorbed power 
can be obtained by summing all the blocks. The absorbed power AFD’s and 
totals are given in Appendix E. 

2 . 4 Correlation Method for Objective and Subjective Ride Ratings 

The subjective ride ratings from the Old Dominion bus study were 
given by the two passengers seated directly over each instrument package 
used to record the floor accelerations. The correlation simply consisted 
of plotting the total absorbed power for all three directions against the 
ride rating number assigned by the passenger. The results are shown in 
Chapter 4. 
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3. TEST DATA PROCESSING 


Programs were developed for two different computers, a hybrid 
computer in the Penn State College of Engineering and a Systems 95 
digital computer in the Applied Research Laboratory (ARL). However, only 
the ARL computer was used to process the data in this investigation* 

The first section of this chapter describes the two basic approaches 
used, the second describes the hybrid program, and the third describes the 
ARL programs. The actual programs are listed in Appendixes C and D. 

3.1 The Two Approaches 

Once a random signal has been stored — in continuous analog form on FM 
tape, or in discrete, digitized form on IBM tape (Figure 3.1) — processing 
the signal to determine its amplitude frequency distribution demands per- 
formance of two distinguishable but serially connected operations. The 
signal must be filtered in each of a number of narrow bandpass filters, 
and the amplitude peaks must be discriminated and counted for each filter’s 
output. The techniques utilized for each of these two operations (Figures 

3.2 and 3.3) reflect (a) differing roles assigned to the analog and 
digital members of the hybrid team; (b) the inevitable limitations in avail- 
able hardware at the particular installation; and (c) tradeoffs between 
processing time and the precision required. 

To get a fairly precise characterization of the amplitude frequency 
distribution of a random signal, quite a few relatively narrow (about an 
octave or less) frequency bands will be wanted. This need presses against the 
limitations of cost and availability of hardware. Processing time is reduced 
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Figure 3.1. Digitizing the Data 



Figure 3.2. Determining the Amplitude Frequency Distribution 
of a Random Signal: Serial Method 
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dramatically if a random signal can be fed into a parallel set of filters 
which yield simultaneously the filtered outputs for all filter bands. 

An alternative plan is to use a single filter. The filtering is then 
done serially by passing the data through the filter once for each frequency 
band required, resetting the two cutoff frequencies of the filter by play- 
back speed. This permits almost any number of narrow bandpass filters to 
be used. The price, of course, is an increase in processing time. The 
processing time will now be the product of the number of filters and the 
record length plus a substantial overhead time (mainly tape handling) that 
may very well exceed the actual filtering time. 

When the output of a bandpass filter is available, the peak discrimination 
can be done. For a narrow bandpass filter the output will be a quasi-sinusoidal 
signal with fairly uniform frequency but varying amplitude. The function of 
peak discrimination is to detect when a peak has occurred, to determine in 
which of a spectrum of discrete amplitude levels the signal has peaked, and 
to record this event by updating an appropriate counter. In both methods, 
the outputs of the several filters are digitized and the peak discrimination 
and counting are done by purely digital means. 

The single filter method was implemented on the hybrid and the parallel 
filter method was used on the Applied Research Laboratory computer facilities. 

3.2 The Hybrid Program Method 

The purpose of the first hybrid program is to take data in the analog 
form from the tapes and convert it to digital form (Figure 3.1) usable by 
the subsequent program. The data is converted to digital form using analog- 
to-digital converters, one for each degree of freedom (up to six), and output 
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Is stored as digital files, also one for each degree of freedom. The 
sampling rate (numbers of times per second that the analog value is 
converted to a digital number) is set by the user before each run. The 
total number of samples taken is determined by the length of the test 
run and is set by the user. 

The files created by the digitizing program are then used by the AFD 
program (Figure 3.4). The AFD program utilizes a single bandpass filter 
■with fixed frequency levels. The data is taken from the files created 
by the digitizing program and converted by digital-to-analog converter to 
analog form. This analog data is then bandpass filtered to discriminate 
the frequency bands. To obtain the various frequency levels desired, the 
data is converted to an analog signal at a rate different from the sampling 
rate used in the digitizing program. 

For. example, to filter a frequency band whose upper and lower frequency 
levels are twice those of the bandpass filter, the data is converted to analog 
form at a rate one half the sampling rate. This is done for each frequency 
band wanted. The filtered data is then reconverted to digital form by analog- 
to-digital converters. Peaks in the amplitude of the data are found by 
comparing each digital sample with the sample preceding it and the one 
following it, until a maximum in the amplitude is found (Figure 3.5). For 
each cycle in the amplitude of the data, the peak value is found and stored 
in an array. In addition, the time in seconds (since the beginning of the 
test run) at which the peak occurred is also stored in the array. Insignificant 
amplitude peaks, down in the noise level, are ignored. The data is then 
printed out in a listing as described in Chapter 4. This listing gives 
the amplitude of each peak in the data, the time of the peak occurrence, 
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Figure 3.4. Algorithm for Serial Method: General Outline 
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the unadjusted absorbed power, and the absorbed power contributed by the 
peak. One such listing is provided for each frequency band of each degree 
of freedom. The peaks are now discriminated into the amplitude bands for 
the AFD (Figure 3.6) and the value of each peak is compared with the upper 
amplitude levels of the amplitude bands, starting with the lowest. Each 
amplitude band is tested until the upper level of that band exceeds the. 
value of the peak. The number in the AFD array whose position is determined 
by that amplitude band and the frequency band being processed is then 
increased by one. In this way, the number of peaks having each particular 
combination of amplitude and frequency can be determined. The unadjusted 
Absorbed Power AFD (APAFD) is then calculated by multiplying the number of 
peaks in the AFD for each amplitude- frequency combination by the square of 
the center amplitude of that amplitude band, and multiplying this by the 
proper K factor for that frequency band. The absorbed power AFD is calculated 
by dividing each value in the unadjusted APAFD by the maximum number of 
counts that could have occurred during the test run by a continuous sine wave 
having a frequency equal to the center frequency of the band containing the 
value. The AFD, unadjusted absorbed power AFD, and absorbed power AFD are 
printed out for each degree of freedom. 

3.3 Applied Research Laboratory Program 

The digitizing work for the System 95 computer was obtained as a 
service from the Applied Research Laboratory. The data was filtered into 
eight frequency bands in parallel and recorded on digital tape. In order 
to save time and tape, the data was digitized at a low rate of 32 samples/ 
sec. The digitized data was converted to Fortran compatible form by a 
computer program (Figure 3.7), and rewritten in this form on more digital 
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Figure 3.6. Amplitude Discrimination for Each Peak 
and Counting AFD 
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Figure 3.7. Algorithm for Parallel Method 
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tape. This program is listed in Appendix D. After digitizing and 
conversion of the data, the AFD program was run. The data was input to 
the AFD program from the digital tapes. As the data was already filtered 
into the desired frequency bands as written on the tapes , no filtering was 
required in the AFD program. Because the sampling rate of 32 samples/sec. 
was too low to accurately define the peaks in the higher frequency bands, 
Fast Fourier Transforms were used to provide more data between the data 
points actually sampled. This gives an effective sampling rate of 256 
samples/sec. This was done only for the three highest frequency bands where 
the higher sampling rates are needed. The peak identification, data output 
listing, AFD, unadjusted absorbed power AFD, and absorbed power AFD parts 
of the program are all similar to those of the hybrid program. 
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4. RESULTS OF DATA PROCESSING 

This chapter describes the results obtained by processing the NASA 
bus ride data and aircraft data. The complete set of results can be found 
in Appendixes E and F and typical samples are displayed here. The first and 
second sections of this chapter are concerned with the bus data results. The 
aircraft results are described in the third and fourth sections. 

4.1 Objective — Bus Data Results 

The first part of the output listing gives the amplitude and frequency 
bands selected. This listing provides band limits and depending on the 
scales chosen (linear or log), the center frequencies and amplitudes are 
calculated and listed. This listing is not repeated until the next computer 
run when a different set of bands can be chosen. 

The next part of the computer output consists of eight listings, one 
for each frequency band of each segment of bus data. The first column gives 
the time in seconds, after the beginning of the segment, at which a peak in 
the acceleration amplitude occurs. The second column gives the amplitude of 
this peak, and the third column gives the unadjusted absorbed power which is 
used as an intermediate step in calculating absorbed power. The fourth column 
gives the absorbed power contributed by the amplitude peak. This is the 
actual power absorbed by the passenger due to this acceleration peak. This 
listing contains only those peaks with an acceleration amplitude of at least 
0.02 g’s, so that insignificant peaks with small absorbed power values are 
ignored. The listing is provided so that the time and amplitude of those 
peaks contributing large absorbed power values can be identified. Figures 4.1, 
4.2, and 4.3 are typical listings from run 7, segment 3, vertical direction. 
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RUN- 7 

DEGREE® 5 1 


INEW- 


SEGMENT® 5 3 

FREQ BAND-1 


TIMEO(SEC) AMP(G t S) AP 

2.28 0.10 0.000 

13.03 0.10 0.000 


Figure 4.1. Listing for Run 7, Segment 3, Vertical, Frequency Band 1 


Ui 

o 


RUN-7 


INEW* 


8 


DEGREE-1 

SEGMENT- 3 

FREQ BAND- 6 


TIMEO(SEC) AMP(G'S) AP 

14.03 0.03 0.047 

28.84 0.04 0.109 

31.41 0.05 0.128 

35.78 0.04 0.083 

42.12 0.04 0.091 

45.00 0.06 0.228 

81.91 0.03 0.047 

96.03 0.03 0.047 


NAP 

0.0003 

0.0003 


NAP 

0.0011 

0.0026 

0.0030 

0.0020 

0.0021 

0.0054 

0.0011 

0.0011 


Figure 4.2. Listing for Run 7, Segment 3, Vertical, Frequency Band 6 



RUN® 7 


DEGREE=1 


INEW= 116 


SEGMENT 35 3 

FREQ BAND=8 


u> 
i— 1 


TIMEO (SEC) 

AMP(G’S) 

AP 

NAP 

0.38 

0.03 

0.017 

0.0001 

1.03 

0.05 

0.039 

0.0002 

1.69 

0.04 

0.024 

0.0001 

2.31 

0.05 

0.053 

0.0003 

3.00 

0.06 

0.073 

0.0004 

5.28 

0.05 

0.039 

0.0002 

5.97 

0.04 

0,037 

0.0002 

6.59 

0.03 

0.021 

0.0001 

7.25 

0.03 

0.019 

0.0001 

8.44 

0.03 

0.014 

0.0001 

9.12 

0.05 

0.039 

0.0002 

16.09 

0.03 

0.014 

0.0001 

16.81 

0.03 

0.019 

0.0001 

17.53 

0.03 

0.015 

0.0001 

18.19 

0,03 

0.018 

0.0001 

21.00 

0.03 

0.019 

0.0001 

24.34 

0.03 

0.019 

0.0001 

25.66 

0.06 

0.061 

0.0004 

26.34 

0.05 

0.048 

0.0003 

27.06 

0.08 

0.134 

0.0008 

27.97 

0.07 

0.100 

0.0006 

28.78 

0.07 

0.081 

0.0005 

29.37 

0.09 

0.139 

0.0008 

30.06 

0.15 

0.443 

0.0026 

42.97 

0.05 

0.057 

0.0003 

45.12 - 

0.04 

0.037 

0.0002 

45.91 

0.06 

0.068 

0.0004 

48.66 

0.04 

0.030 

0.0002 

49.25 

0.05 

0.045 

0.0003 

49.81 

0.03 

0.016 

0.0001 

50.31 

0.03 

0.017 

0.0001 

50.94 

0.06 

0.075 

0.0004 

51.62 

0.06 

0.064 

0.0004 

52.25 

0.04 

0.030 

0.0002 


Figure 4.3. Partial Listing for Run 7, Segment 3, Vertical, Frequency Band 8 



from front accelerometers. Note that each listing is first identified by 
run number, segment number, and frequency band. Figure 4.1 is the listing 
for frequency band 1. In most cases, the lower frequency bands contain few 
peaks above the minimum, and these peaks have small absorbed power values 
due to the small K factors in these bands. Figure 4.2 is the listing for 
frequency band 6, and shows that the middle frequency bands generally 
contain a moderate number of peaks with large absorbed power values. Figure 
4.3 is a partial listing for frequency band 8. There are 116 peaks in the 
complete listing. The absorbed power values are small due to small K 
factors. 

After the eight listings, the amplitude frequency distribution is 
printed out; the amplitude frequency distribution shows the number of peaks 
that occurred in the segment having any particular amplitude and frequency 
combination. A separate amplitude frequency distribution is provided for 
each degree of freedom of each segment. Figure 4.4 shows the AFD output 
for run 7, segment 3, vertical. This is a typical AFD, showing the 
approximate distribution found in most of the runs. Figure 4.5 is the AFD 
for run 8, segment 2, lateral, from the center of the bus, and shows that a 
few AFD's have counts in the upper amplitude bands, with resulting high 
ab s orb ed p ower s . 

The unadjusted absorbed power AFD and absorbed power AFD are then printed 
out. These give the unadjusted absorbed power and absorbed power contributed 
by each amplitude-frequency combination. The unadjusted absorbed power AFD's 
are not shown since they have no meaning; an absorbed power AFD is shown in 
Figure 4.6 for run 7, segment 3, vertical. 

Finally, the total unadjusted absorbed power and total absorbed power 
of the segment are printed. Each of these is simply a single number found 
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Amplitude Levels Are Set At 


0.03 0.05 0.08 0.13 0.21 0.32 0.50 

Frequency Levels Are Set At 

0.06 0.12 0.25 0.50 1.00 2.00 A. 00 8.00 16.00 


RUN =7 

DEGREE=1 

SEGMENT^ 3 




AFD OUTPUT 




0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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0 
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1 

0 

0 

0 

0 

0 

1 
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0 

0 
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Amplitude Levels Are Set At 


0.03 0.05 0.08 0.13 0.21 0.32 0.50 

Frequency Levels Are Set At 

0.06 0.12 0.25 0.50 1.00 2.00 4.00 8.00 16.00 


RUN =8 

DEGREE =5 

SEGMENT= 2 

AFD OUTPUT 

00200000 
0 2 1 1 0 0 0 0 

10000006 
1231000 72 

1002109 81 

0 1 2 2 1 1 34 26 


Figure 4.5. AFD Output, Run 8, Segment 2, Lateral Motion 
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Amplitude Levels Are Set At 
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Figure 4,6. Absorbed Power AFD, Run 7, Segment 3, Vertical Motion 
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by summing the values in the unadjusted absorbed power AID and absorbed 
power AID, respectively. Complete listing of the AFD's and the absorbed 
power A'FD’s are given in Appendix E. 

4.2 Subjective Data 

The bus subjective data used in the correlation studies, taken by 
experimenters of old Dominion University and supplied by NASA, are shown 
in Appendix F (Tables 1-8). For runs 2 and 6, the subject assigned a 
number from 1 to 5 to the quality of the ride, where 1 was the best quality 
ride and 5 was the worst. Runs 7 and 8 were similar, except that the scale 
ranged from 1 to 6. The subjective data for runs 1, 3, 4, 5 were. unusable, 
and therefore the objective data for these runs were not processed. The 
objective and subjective data were tabulated for the correlation studies. 

The first three columns contain total absorbed power of each segment for 
the vertical, lateral, and longitudinal directions. The fourth column 
contains the sura of the first three columns, which is the total absorbed 
power to be correlated to the subjective data. The fifth column gives the 
subjective response to the ride quality of each segment. Two tabulations 
were made for each run, one for the front accelerometer and another for 
the center accelerometer, except for run 8. The tabulation for run 7, front 
accelerometer, is shown in Table 4.1. 

In a given run, all the absorbed power values corresponding to a 
single subjective response number were averaged, and then standard deviation 
from this average was calculated. These average values are plotted as in 
Figure 4.7, which is from run 7, front accelerometer. 

It was noted that a few extremely large acceleration values, especially 
in the lateral and longitudinal degrees of freedom, were causing large 
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Table 4.1. Listing of Absorbed Power (Three-Degree Motion) 
with the Subjective Ratings (Front Seat) for 
Bus Run 7 (AP in Watts). 


Segment 

Vertical 

Lateral 

Fore-Aft 

Sum 

A - 1 

1 

0.022 

0.071 

0.001 

0.094 

3 

2 

0.025 

0.002 

0.000 

0.027 

2 

3 

0.129 

0.502 

0.004 

0.635 

4 

4 

0.005 

0.069 

0.000 

0.074 

2 

5 

0.143 

1.060 

0.084 

i. 287 

5 

6 

0.002 

0.012 

0.016 

0.030 

2 

7 

1.165 

9.392 

8.761 

(19.318) 1.165 

4 

8 

0.027 

0.071 

0.001 

0.099 

2 

9 

0.148 

(12.482) 

0.005 

(12.635) 0.153 

6 

10 

0.162 

0.189 

0.003 

0.354 

3 

11 

0.006 

0,030 

0.000 

0.036 

4 

12 

0.019 

0.070 

0.001 

0.090 

1 

13 

0.128 

0.349 

0.188 

0.665 

2 

14 

0.812 

3.041 

2.534 

(6.387) 0.812 

3 

15 

0.043 

(5.382) 

0.002 

(5.427) 0.045 

2 

16 

0.028 

0.374 

0.001 

0.403 

2 

17 

0.184 

8.526 

0.003 

(8.713) 0.187 

6 
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absorbed power values where the subjective rating was small. These 
absorbed power values were discarded because such accelerations were 
large enough to move the passengers from their seats and were unreasonable 
since the subjective responses were small. 

A second set of correlation plots was made after discarding these 
high values, and the absorbed power scale on the plots was reduced 
accordingly (Figure 4.8). 

A final composite correlation plot, combining the data for all segments 
of all runs from both accelerometers, was made. Although in the individual 
plots the curve was not always exponential as expected, the composite plot 
does show an exponential curve (Figure 4.9). 

The composite plot appears as a straight line in a semi-log plot, 

Figure 4.10, and fits the equation: 

S = 1.7245 In (3, 96849 AP) 
where S - the subjective response; and 

AP = the absorbed power in watts. 

4 .3 Objective — Aircraft Data Results 

The aircraft data consists of four test runs, with each run containing 
from eight to fourteen segments. The segments vary in length, but average 
about 30 seconds each. As the total time per run is from 16 to 28 minutes, 
it can be seen that only about one-third of the information recorded on 
the data tape is valid data. Since it cannot be assumed that the test segments 
containing the valid data are evenly spaced, some type of timing method is 
required to determine the beginning of each segment. Such a timing method 
was included on a separate channel of the tape, the NASA time code. 
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Absorbed Power, Watts 



Subjective Rating 


Figure 4.8. Absorbed Power vs» Subjective Ratings for Run 7, 
Segment 3, Front Seat of Bus with Extreme Value 
Removed 
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Figure 4.9. Correlation of Absorbed Power (For Three Degrees 
of Motion) with Subjective Bus Ride Data 
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10.0 


Subjective Rating 


te Plot of Bus Data 
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Unfortunately, this time code was unusable by the investigators. 
Nevertheless, it was decided that the aircraft data investigation would 
be carried to completion to show that the technique can be used with data 
having up to six degrees of freedom, even though valid results cannot be 
expected. 

It was assumed that the segments were 30 seconds long, evenly spaced 
throughout the test run, and that the first segment began 15 seconds 
after the beginning of the test run. 

In view of the invalidity of the data and a shortage of available 
computer time, only the first five segments of each run were processed. 

In runs three and four, the data for the pitch, roll, and yaw were 
recorded as velocity instead of acceleration, and were therefore unusable. 
Only the three translational degrees of freedom were processed for these 
runs. The results are tabulated in Table 4.2 and the correlation plot is 
displayed in Figure 4.11. 
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Table 4.2. Listing of Absorbed Power (Six Degrees of Motion) 
with the Subjective Ratings for the Three Test 
Runs of Aircraft Data 


SEGMENT 

AP, WATTS 

SUBJECTIVE 

RATINGS (2 persons) 

TEST 1 




1 

9.4052 

2 

2 

2 

0.0077 

3 

3 

3 

1.3014 

3 

2 

4 

0.0678 

3 

3 

5 

0.2828 

3 

3 


TEST 2 




1 

9.5426 

3 

3 

2 

0.0513 

4 

4 

3 

0.0099 

5 

5 

4 

0.0039 

4 

4 

5 

0.0091 

4 

4 


TEST 3 




1 

0.0196 

2 

3 

2 

0.0201 

3 

4 

3 

0.0039 

3 

4 

4 

0.0103 

3 

4 

5 

0.0674 

3 

4 


TEST 4 




1 

0.004 

1 

— 

2 

0.000 

1 

- 

3 

0.000 

2 

- 

4 

0.000 

2 

- 

5 

0.000 

2 

- 
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Absorbed Power, Watts 



Subjective Rating 


Figure 4*11. Absorbed Power (For Six Degrees of Motion) 
vs. Subjective Aircraft Ride Data 
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5. APPRAISAL OF RESULTS, APPLICATIONS, AND RECOMMENDATIONS 

5.1 Appraisal of Results and Applications 

The correlation results of absorbed power as an objective ride measure 
to the subjective evaluation for the NASA bus data was very successful* 
Individual segments and rides gave poor correlation since the data base 
was too small to give a reasonable random sample. However, when sufficient 
numbers of rides are used to give a reasonable sample base, excellent cor- 
relation was obtained and the following logarithmical relation was shown by 
the data: 

S = 1.7245 In (3.96849 AP) 

where S = the subjective rating (on a 5-point scale); and 

AP » the absorbed power in watts. 

The six-degree-of-freedom computational method for the aircraft data 
was completed. A few samples were reduced, but they provided insufficient 
data (i.e. too small a sample size). In addition, there was no assurance 
that the acceleration data were properly matched with subjective ratings 
since exact start-stop times of the segments were not known. For these reasons, 
the aircraft data are not considered to be very exact and thus little can be 
drawn from the correlation plots. 

Since there was a successful correlation of the bus data, a further 
correlation of ISO standards and the Absorbed Power (AP) method was started. 
Appendix H gives the details of the results of this comparison. It was 
found that these two methods do agree rather well. In the whole -body 
frequency range, AP is slightly more conservative; in the 10 to 100 Hz, 
the two agree; but in the 2 Hz and below range, the AP is not as restrictive 
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as ISO standards. Since AP only accounts for vibration effects and such 
things as motion sickness are not included, there is justification for the 
harsher requirements of ISO standards in this range. 

Since the two methods compare reasonably well, one can use either 
method as an overall criterion. However, the AP method has the distinct 
advantage that effects due to more than one degree of freedom can be 
determined by adding the effect of the individual degrees of freedom. It 
thus appears, if the proposed ISO standards are to be used, a combination of 
ISO standards and the AP method would be in order. 

Once the bus subjective and ISO standard correlations with AP have 
been made, it is useful to compare these two correlations. Table 5.1 
shows the AP values for both correlations with the ISO standards for one- 
hour exposure . 

With the exception of the very good ride, the two correlations give 
absorbed power levels that are very similar. Even the very good ride 
(subjective rating of 1) is close in terms of overall rating a .45 AP to 
4.57 AP range for the bus data and .15 AP to 5.88 AP range for the ISO 
standards . 

5.2 Re commend at ions 

Since the bus data and ISO standards were successfully correlated, more 
work should be done with the aircraft data. The computer programs are now 
operational and the costs of completing the study of aircraft data would 
be mainly for computational time. 

It is also recommended that a new set of K values for the AP method 
be developed from the ISO standards and that both these values and the 
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Table 5.1. Comparison of the Bus Ride Correlation with the 
ISO Standard Correlation Using Absorbed Power 
as the Basis for Comparison 


Sub j ective 
Ratings 


Average AP for a 
1“ Hr . ISO Standard 
Exposure 


AP Level from 
Bus Ride 
Correlation 


1 .15 .45 

2 - .8 

3 ' 1.5 1.44 

4 - 2.56 


5 


5.88 


4.57 
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original absorbed power K values be tried in the computer programs. Since 
the programs accept K values as data, it will be a simple task to compute 
AP values based on both sets of values. 

In summary, the authors feel that the absorbed power approach has 
merits and would like to propose to use the results of this study to run 
complete correlations of the University of Virginia aircraft data and any 
other NASA ride data that might be available. 
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APPENDIX A 


Human Response to Random Vibration 


k* 





Transfer Function for Seated Vehicle Passenger 

In 1965, Pradko and Lee (9, 10, ll)utilized a transfer function 
approach for the analysis of human vibration. The technique, developed 
accurately identifies, measures, and predicts whole body response to any 
vibrational input, whether sinusoidal, transient, or random. 

Figure A. 1 illustrates the force and motion quantities of particular 
interest in human response dynamics. 



Figure A.l. Response Measurements 


There is one transfer function for each combination of output and 
input. For example, the transfer function relating the acceleration input 
to the output acceleration A of the system in Figure A.l is given 
in the equation: 


G 

aa 


(f) 


A .(f) 

out 

A. (f) 
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(A.l) 




There also exists a transfer function relating the force of vibration 

to the output acceleration A : 
in out 


G fa ( f ) = F to (f) 

A out (f) 


(A. 2) 


Pradko and Lee determined and multiplied the above two transfer functions 
together, producing the following transfer function: 
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The above transfer function has been termed Effective Mass. 

Perhaps a word should be said about the experimental program and 
instrumentation used in developing the above transfer function. A known 
sinusoidal input acceleration of specified magnitude and frequency was 
applied to the seated subject. The steady state output force magnitude 
and phase were then recorded. The frequency of the input was then changed 
to another value, and again the output was recorded. The entire fre- 
quency range considered important was generated. This ratio of output to 
input was plotted with the frequency as the abscissa. From this relation- 
ship, the transfer function was determined. 

Absorbed Power 

Although transfer functions allow analytical solutions for the dyna- 
mic response of the human body, they do not provide any apparent way for 
determining the severity of the vibration. A parameter that will relate 
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the vibrational intensity to the subjective response is required. 

Extensive testing by Pradko and Lee has shown that the rate of 
flow of energy becomes a parameter that characterizes the interaction of 
the vibrating human and the environment. The energy flow takes place as 
a result of the complex damped elastic properties of the human anatomy. 

When vibrational energy distorts the elastic body, dimensional changes 
take place, producing reactions that tend to restore the body to the orig- 
inal position. The work performed in the process balances the applied 
load. Consequently, the body’s elasticity produces restoring forces 
which are related to displacement. The body’s vibratory motion contin- 
ues until the energy imparted is dissipated or removed. The time rate at 
which this energy is used has been defined by Pradko as absorbed power (AP). 
Absorbed power is a parameter relating vibratory input conditions to sub- 
jective response and is defined as follows: 

Average AP = ± /* F(t) V(t) dt (A. 5) 

where F(t) - Input force; and 
V(t) = Input velocity. 

In order to evaluate the absorbed power concept in terms of the 
passenger’s subjective response, Pradko and Lee gathered data from 13 
test subjects at the Dynamic Ride Simulator facility at the Army Tank 
Automotive Command (ATAC) . For each particular test, the frequency was 
present and remained fixed. The sinusoidal acceleration amplitude was 
increased at a slow rate from zero to a condition of vibration tolerance. 

The tolerance condition was a combination of vibration severity and sub- 
ject response where pain, loss of physical control, or advanced stages of 
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blurred vision were considered by the subject to be unacceptable in the 
sense that vehicle control could not be maintained. When tolerance was 
reached, the subject actuated a buzzer which began the data .collection 
procedure. Results shown in Figure A. 2 represent a two-sided interval 
which brackets the mean acceleration with 90 percent confidence level 
(solid curves). From these tests, mean values of acceleration at corres- 
ponding frequencies were used to develop a constant power curve of 290 watts 
This curve was then fitted to the sinusoidal as well as a random vibration ■ 
curve. The results indicated that absorbed power displayed the same char- 
acteristics as the subjective judgment criterion. 



FREQUENCY (cps) 

Figure A. 2. Acceleration: Power Comparison 


Since absorbed power is a function of the energy flow rate of the 
elastic properties of the human anatomy, it has physical significance and 
interpretation. Consequently, it is possible to measure the variation of 
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this parameter for different people and different seating arrangements. 

For example, it has been found that a muscular person generally has, for 
the same body weight, a lower absorbed power for the same vibration than 
a more obese person. The effect of the elastic property of the anatomy 
can be shown by using a rigid mass in place of a human test subject. • The 
resulting energy flow is zero because of its rigid, inelastic properties. 

Pradko and Lee have also shown that a contoured seat generally pro- 
duces a lower absorbed power than one that is not contoured. This is due 
to the larger contact area and resulting reduction in body movement. Un- 
der very severe conditions where the man moves relative to the seat, the 
assumption of linear equations is no longer valid; consequently, the trans 
fer function and absorbed power results lose their validity as the system 
becomes more nonlinear. Pradko has examined this aspect of linearity and 
verified that the mechanical response characteristics of man in a seated, 
erect position is linear. 

Under normal vibration conditions, using absorbed power as a criter- 
ion, one can modify the input or seating arrangement and measure directly 
the effects on comfort. To examine this sensitivity of absorbed power, 
a test was performed using ride forms (composed of 26 random waveforms) 
as the experimental inputs. Each ride contained different PSD variation 
characteristics in the frequency spectrum of 4 to 36 cps at different 
levels of acceleration. The rides were presented in sequence of increas- 
ing acceleration magnitude. A 'group of 10 subjects judged each ride sub- 
jectively for comfort and reported only those rides that appeared to be 
’’out of place." The test subjects reported nine rides out of place. The 
absorbed power data which were experimentally measured were compared to 

i 
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the acceleration levels of the rides. It was found that absorbed power 
closely agreed with the subjective response, indicating that the accelera- 
tion sequence was incorrect. The versatility of absorbed power in deter- 
mining human discomfort due to vibration is not realized in any other known 
methods . 

In the time domain, absorbed power can be written for an infinite time 
or a finite averaging time. Equation A. 5 shows the average absorbed power 
function for an infinite averaging time. 

Absorbed -power can also be described in the frequency domain. The 
power is computed as the product of the mean squared acceleration (A^rms) 
at each frequency and the parameter (K ), where is a function of fre- 
quency, but not amplitude (index i denoting the descrete frequency); 

n 2 

Average AP - £ K. x A. rms (A. 6) 

i=o 

Absorbed power is a scalar quantity and, therefore, can be directly ad- 
ditive. For multi— degree motion, the individual absorbed power values 
are readily summed for a single quantitative, measure of human vibrational 

comfort. Pradko and Lee have published the K. values for five degrees 

. < 1 

of freedom (vertical, fore-aft , lateral, pitch, and roll) as well as for 
input to the feet. Typical KL parameters are shown in Table A.l. These 
K i values are used to weight the effect of each directional input, and 
the total absorbed power is the algebraic sum of the absorbed power at- 
tributed to each input. Since .absorbed power is a scaler, phasing informa- 
tion between the inputs is not needed for evaluation. 

As Equation A. 5 indicates, the input force and velocity are needed to 
compute absorbed power. However, utilizing Equation A. 6, the absorbed power 
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Table A.l. Typical Absorbed Power Parameters for Vertical Motion 


Frequency 

(Hz) 

K. 

l 

watts 

|G(£)| 

(slugs) 

(f t/sec? ) ^ 

0.00 

0.000000 

4.3537 

0.10 

0.000082 

4.3557 

0. 30 

0.000747 

4.3716 

0.50 

0.002113 

4.4035 

1.00 

0.009149 

4.5553 

1.50 

0.022941 

4. 8118 

2.00 

0.045576 

5.1612 

5.00 

0.198689 

5.7092 

7.50 

0.075581 

2.7408 

10.00 

0.048340 

2.4408 

20.00 

' 0.010555 

1.0568 

40.00 

0.003780 

0.73906 

70.00 

0.001390 

0.45976 

100.00 

0.000702 

0.32860 


Phase Angle 
(Radians) 

0.000000 

0.000009 

0.000237 

0.001111 

0.009307 

0.033143 

0.081930 

0.93785 

1.2811 

1.1623 

1.1826 

1.2470 

1.3741 

1.4313 


calculation can be made directly from acceleration data. Hence, it is 
possible to determine the absorbed power and, therefore, comfort values 
by merely measuring the acceleration input to the passenger for each 
direction. 

Information in the literature on the effect of long-time vibration is 
scarce. However, Pradko and Lee have deduced that a term can be added to 
absorbed power that might account for long-term effects. Their empirical 
equation becomes: 

AP — AP +1 [ Ajp (A. 7) 

T ave j ^ ave 

t J o 
o 

where AP^ = long-term absorbed power; 

t = time scale factor approximate onset of fatigue; and 
t = exposure time. 


In the frequency domain, it can be shown that the ratio of short-term to 
long-term absorbed power can be written as: 


AP 

< 

AP, 


ave = 


1 + (t/t Q ) 


1 • 


(A. 8) 


which can be used to calculate the degradation of comfort with time. 

Figure A. 3 is a diagram of how absorbed power can be determined from 
the output of an accelerometer mounted at the base of a seated passenger, 
utilizing the transfer function to generate the force. 
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APPENDIX B 


The Amplitude Frequency Distribution (AFD) Method 


REPRODUCIBILITY OF THE 
ORIGINAL PAGE IS POOR 



Measured records must be recognized as random signals of finite 


duration and, as such, they can be viewed and described in terms of 
three basic "domains”: time, amplitude, and frequency. The time do- 

main description is the unprocessed signal-versus-time . All types of 
amplitude domain descriptions reduce the measured signal to a single 
number or table of values which is mathematically equivalent to com- 
puting an amplitude probability distribution for the signal. Frequency 
domain representations of signals are generally considered to be the 
most useful. They are based on the concept that any observed random signal 
can be reconstructed by adding together a number of different sine waves. 

At first glance, it would appear that the power spectral density con- 
tains a complete description of amplitude variations, thus making any ampli- 
tude-distribution calculations superfluous. However, the ordinate of a 
PSD curve indicates only the average signal amplitude at a particular fre- 
quency. A large PSD value can conceivably be produced either by a few 
cycles of large amplitude or a large number with small amplitudes; the 
distinction cannot be made from the PSD curve alone. On the other hand, 
it is not possible to extract any information about frequency distribution 
from amplitude density curves. It is evident from these considerations 
that the PSD and amplitude density curves each contain unique information, 
and a simple method of combining the two representations is desirable. 

An effective method for combining the information contained in both the 
PSD and the amplitude representations is to reduce the random time-history 
signal to a simple tabular array that displays both the height and the 
length features on the random data, as in Figure B.l. Here the coordinates 
(linear or logarithmic), amplitude (in feet, g's, etc.) versus frequency 



Amplitude. 



Figure B, 1. Basic Elements of AFD, the Amplitude Frequency Distribution 
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(in Hertz, rpm, cycles per foot, etc.), are divided into a number of 
finite bands as shown. Numbers like N are computed and entered at 
each window-like intersection of the bands. The numbers express the 
total number of signal peaks with the amplitude and frequency of that 
box in the array. The complete array of numbers thus identifies the 
random signal as a combined amplitude and frequency distribution (AFD). 
Thus, the AFD not only gives the frequency distribution, but also shows 
the amplitude make-up and distribution of each frequency hand. Further 
details of this method and means of computation are given in references 
18 through 24. 

Research by the authors has shown that the AFD format is useful 
when calculating absorbed power. By calculating the absorbed power for 
given amplitude and frequency bands it is easily seen what areas contri- 
bute to an uncomfortable ride, and make possible design changes to better 
the ride. Details of the AFD formatted absorbed power concept are found 
in references 19, 20, and 24. 
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APPENDIX C 


The Hybrid Computer Program 




°F THE 

poor 



ooooooooooooooo ooooooo 


C**^**************^****^****^*****^*^********************* 
jfcsf:*^^^**:^*^**^****^^^^^ FDGD .F4************************* 
THIS IS AN AFD PROGRAM FDR UP TO SIX DEGREES OF FREEDOM 
USING AN OCTAVE FILTER WITH THE SERIAL METHOD. 

DATA MUST FIRST 3E DIGITIZED USING A PROGRAM LIKE DIGTZ.E4 
AND THEN STORED ON IBM TAPE. 

*** * * ** ** ** ** **** ** ********** ** ** ** ** ****** ** **** ** ** * * *** 
** ** ** ** ******** **** *** ** ** ** **** * * * *** *** * *:* **** * * **£ * * * ** * 


INTEGER A FD( 1 0 , ] 0) 

EXTERNAL ILTDA 

DIMENSION NADC! 5000) ,TIMEO (5000) ,A! I I) , 

1 LA C I 1) ,AM! 1 I) , FM! ] 1) , FL! 1 1) ,DELT! 1 1 ) .DAT AO (10000) 

LOGICAL STAT 

; *>|S^*****>ic^^**>K*5T«*****^*^*>{f**^>k^*^***5}C3{<:*>|<**5f:*3{!:5f:>fc***^>!t^3fC5|C*^**** 

THIS IS THE SET UP SECTION ALLOWING THE OPERATOR TO SPECIFY 
THE FOLLOWING: 

1. DEGREES OF FREEDOM WANTED 

2.1 F YOU WANT TIME AND ORDER OF EACH PEAK LISTED 

3. NUMBER OF AMPLITUDE BANDS WANTED AND THE LEVELS 
THEY ARE TO BE SET AT. 

4. NUMBER OF FREQUENCIES BANDS WANTED AMD THE 
LEVELS THEY ARE TO BE SET AT. 

5. THE DIGITIZING FREQUENCY USED ON THE DATA AND THE 
NUMBER OF SAMPLES. 

S.TME DESCRIPTIVE HEADING TO BE PRINTED OUT. 

THE COMPUTER THEN RESPONDS AND TYPES OUT WHERE THE 
AMPLITUDE LEVELS ARE SET, WHERE THE FREQENCY CUT OFF’S ARE 
SET, AND WHAT THE CENTER AMPLITUDES AND FREQENCIES ARE. 
C***^^************************************************* 

TYPE 2 

2 FORMAT! * 0 THIS IS A PROGRAM TO CALCULATE AFDS FOR UP 
1 TO SIX DEGREES OF FREEDOM USING A SINGLE OCTAVE 

1 FILTER* , $) 

TYPE 3 

3 FORMA T( * 0 TYPE DEGREES OF FREEDOM WANTED, 1 TO 6,=*,$) 

ACCEPT A , NDEG 

A FORMAT! 1 1) 

TYPE 5 

5 FORMAT! *0 IF YOU WANT ORDER AND TIME OF COUNTS, 

1 TYPE 1, IF NOT TYPE 2,=*,S) 

ACCEPT 4 , 1 CO NT 
TYPE 9 

9 FORMA T!*0 TYPE NUMBER OF AMPLITUDE BANDS WANTED, UP TO 

I 10*,//,* IF YOU WANT NORMAL AMPLITUDE LEVELS, TYPE I. 

I IF NOT TYPE 2, = *,$) • 

ACCEPT S,NAMP, LEVEL 

6 FORMA T! 21) 

MAMP=NAMP+1 

IF (LEVEL .L*T.2) GO TO 22 
TYPE J 0 , MA MP 

10 FORMAT! *0TYPE* ,115, ’AMPLITUDE LEVELS WANTED, .01 TO .99 e s* e $) 

ACCEPT 1 1 p ( ACK) ,K = 1 S MAMP) ’ 

11 FORMAT(20F) 

DO 20 K = 1 jNAMP 
LAOOsA 00*10000 
00 TO 236 


20 
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r*** **************************************************************** 
r HKKE THF STANDARD AMPLITUDES ARE CALCULATED 

C******************************************************************* 

~ rvT»ii 


22 


EXT^ALOG (700.0) 

POWER = (AL0G<1 0000,0) -EXT) /NAMP 
DO 23 K=I,MAMP 


3=K 

DUM=EXP (POWER* (B“! .0>+EXT> 

LACK) sDUM 

23 AMCK) = EXP (POWER* (B -0.5) + EXT) /! 0000.0 

236 TYPE 36 ^ 

36 FORMA TC0 TYPE NUMBER OF FREQUENCY BANDS WANTED , UP 

1 TO |0' ,//*TYPE LOWEST FREQUENCY WANTED IN HZ, IN REAL*/* ,= * 
ACCEPT 8,NFREQ,FMIN 
MFREQsNFREQ+l 
g FORMATC 1 1 , 1 F) 

TYPE 37 

37 FORMATC TYPE LOWER FREQUENCY OF YOUR FILTER HZ, IN REAL'/*,= 
ACCEPT II ,FIL 

DO 3S I =1 ,MFREQ 
Y=I-1 

38 FL(I) sFMI N*2.0**Y 
TYP E 3^ 

39 FORMATC - 0 TYPE IN DIGITIZING RATE (NORMALLY 1 000) IN 

1 SAMPLES PER SEC *,/• NUMBER OF SAMPLES DIGI TI ZED * /’ , = * ,$) 

. ACCEPT 4,NDIG ,NSAMP 
DO 40 NF=I, NFREQ 
DIGrNDIG 
DEN = FL( NF) 

RATE=DI G*FIL/DEN 

40 DELTC NF) = (1 ,0/R ATE) *1 000000 

C******fc *********************************************** 

C DELT IS IN MICROSECONDS 

C* ******************************************************** 


DO 15 K = l ,MAMP 
DAsLACK) 

15 A (K) sDA/10000.0 

C* ********* ***************************************************** 
C HERE THE STANDARD FREQENCIES ARE CALCULATED 

C* ****************************************************** ****** 


DO 1 6 K = 1 , NFREQ 
B=K 

EXT=ALOG(FMIN) 

FREQ = NFREQ 

POWER = (ALOG(FL(MFREQ) )-EXT) /NFREQ 
16 FM(K) =EXP(P0WER*(B-.5) + EXT) 

30 TYPE 31 

3! FORMATC '0 TYPE DESCRIPTIVE HEADING FOR CURRENT RUN*/) 

ACCEPT 35, HEAD 
35 FORMATC ! 4A 5) 

TYPE 41 , CACK) ,Krl ,MAMP) 

41 FORMATC *0 AMPLITUDE LEVELS ARE SET AT’ ,//, 1 1 FS.2) 

TYPE 42.CFLCK) ,K = ! ,MFREQ) 

42 FORMATC { 0 FREQUENCY LEVELS ARE SET AT* ,//, 1 1 FS.2) 

IF CLEVEL.GT.l) GO TO 44 

TYPE 43, CAMCK) ,K = 1 ,NAMP) 

43 FORMATC *0 CENTER AMPLITUDES ARE’ ,//, I 0F7.3) 

44 TYPE 45, CFMCK),K = 1, NFREQ) 

45 FORMATC ’0 CENTER FREQUENCIES ARE* ,//, 1 0F7.3) 
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c HERE THE HYBID IS INITIALIZED 

CALL HXNIT 
CALL SAMOCSP') 

CALL STCOC’NSEC') 

CALL SLMO C * CLEAR *) 

C START PROCESSING THE DATA . ONE DEGREE CNDEG) AT A TIME 

C OPEN THE APPROPI ATE FILE FOR THE NDEG TO BE PROCESSED/ 

62 DO 999 ID = 1 , NDEG 

GO ID C71, 72, 73,74, 75 ,76),. NDEG 
76 CALL I FILEC 1 , *DATA6* ) 

GO TO 777 

75 CALL I FILEC i , r DATA5*) 

GO TO 777 

74 CALL I FILEC 1 , 'DATA4* ) 

GO TO 777 

73 CALL I FI LEO , 8 DATA3 “) 

GO TO 777 

72 CALL I FILEC 1 , ' DA TA2 *) 

GO TO 777 

71 CALL I FILEC 1 , 8 DA TA1 TO 

777 CONTINUE 

DO 63 KK =1 P 1 0 
DO 63 JJ = I ,1 0 

63 AF*D(JJ ,KK) =0 

C NEED TO ZERO FDR EACH DEGREE OF FREEDOM 

DO 99 I F=1 P NFREQ 

IADC=0 

ISW = 0 

INEW=0 

I MAX =10 

NSIZE=1 0000 

IFC NSIZE*G T.NSAMP) NSIZE=NSAMP 

ITEST=NSIZE-NSAMP 

READC1) C DA TAO Cl) „I=I,NSAMP) 

CALL STINT 
CALL SAMO C * I C * ) 

CALL SRLTC 'LINK* , 0 , 0) 

65‘ CALL DTM(DELT ? ERROR,ILTDA,DAC0,NSIZE,DATAO) 

CALL I NTCNTC NSAMP) 

C*******************##******#**#*** 3i ',lc***# 3fc * 3 i'* ii: # ) , c #* 3 i'i' 3l ' 3te ***##****# 
C NEED TO CALL DATA IN FROM DISK HERE 

C*********#*****##*#*##****#*******#****#*#*################*### 
66 CALL SLMO C 'RUN 0 ) 

CALL SSCLC0) 

CALL SAMO C TOP *) 

J J 0 CALL CRAC (0,1 ADC) 
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0 ******************** ****************************************** 
c TEST IF DATA IS LARGER THEN LAST MAX VALUE, IF NOT 

C CHECK NEXT VALUE, IF IT IS CHANGE I MAX TO THE NEW 

C VALUE AND GO ON TO THE NEXT DATA POINT. 

C* **************************************************************** 
IF (IADC.LE.IMAX) GO TO 120 
ISWrJ 

77 I MAX =1 ADC 

CALL RRLT( TMI N ,SEC) 

GO TO 110 

120 CALL DTMSTAC . FALSE. ,STAT,IFREE,IDONE) 

IF(STAT) GO TO 88 

C*************************************************************** 

C TEST IF INTERRUPTS ARE THRU AND GO SEE IF ANY MORE DATA 

C IN THIS SAMPLE 

Q I^C ^ ^ ^ j|c >fc 5^C s|c ^ 5^C 3^C jfl if* ^ ^ ^ 3jv J^C 5(C 3^1 3|c 3^! 3|( 3|( 3jc 3^C 3|C 3^! 3^1 3^T3jc 3^3 3(i 3^3 3^» 3^ 5^C 9|c 3^C 3|C 3|( 3|( 3j« 3jj sjc ]Jc 3|c jjc 

IF CISW.LT.l) GO TO 110 
I FCIADC.GE.0) GO TO 110 

f'iif 4; 4 4^4444 4c 4c 4c 4c 4c 4t 4c 4c 4c 4c 4c 4c 4c 4c 4c 4c 4c 4c 44444444 

W'p np -X 1 -T*-T fc t' 't' t 1 "T* *T s T' 'T* •cT* n' *T^ T - ■T’ ■T' “ T 1 * "T* T 4 ■T* ■T s ■'n T* ^ *p X ’T’ ^ ^ *T^ ■'p ^ 'T' t 1 ' ^ ^ <p l T' »p ^ ^ ^ ^ ^ ^ ^j*» 

C COUNT THE PEAK NOW IN INEW, STORE PEAK VALUE IN NADC 

C ,AND RECORD PEAK TIME IN TIMEO. 

INEW=INEW+I 
NADC (I NEW) = 1 MAX 

TI MER = C TMI N* 60. 0) + (SEC/ 1000000.0) 

TIMEOCINEW)=TIMER 
I MAX =10 
ISW = 0 
GO TO 120 

83 CALL SAMO C ’HOLD* ) 

CALL SLMOCSTOP*) 

NEW=NSIZE+1 

I FC TEST.EQ .0) GO TO 90 
NSIZE=NSIZE+! 0000 
ITEST=NSIZE-NSAMPL 
I F(I TEST.LT.0) GO TO 89 
NSI Z E=NSAMP 

89 READ<1) (DATAO(I) ,1 =NEW ,NSI ZE) 

GO TO $5 

90 END FILEC1 ) 

IF(ICONT.GT.l) GO TO 95 
DO 1010 JJ = J ,1 NEW 

TYPE 91 ,NDEG 
TYPE 92 

C * * 4 * * * * * * * * * * * ** * * * * * * * * * * * * * * ** $ * * 4c * * ** * 4c * * * * * * * * * * ** * * * * * * * 

C TYPE OUT HEADINS IF PEAKS AND TI MES ARE WANTED 

C * * 4 * * 4 * 4 % * * * sfc jfc ^ jj< j|c jf; afc 5 ^ sfcifc * jf: ^ 5 ^ jfc jfr? 4 c s|< sft * sf: £ sfc >|c 5 ^ 5fc Dfc sfc if jfc af: + sfc afc ^ $ sfc ajc jfc + * 

92 FORMA TC * 0 NUM3ER * ,5X , # AMPLI TUDE' ,5X,*TIME*> 

TYPE 93, JJ ,NADCCJJ) , TIMEO CJJ) 

93 FORMA T( *0* ,2X,I 4,9X,I 5,5X,FS.2> 

91 FORMATCl *,3X, ’COUNTS FOR THE* ,1 , 'DEGREE*) 

95 IF (INEW .LT* 1) GO TO 99 

C ******3fc3$c}ji::£jfcjj':j(e:fcs$c>J«s(cjtcjfc:jj<5fc5teifcafrjfcjfcj}s4£s|e*jfr:j|c £ 5 ^ 4 * ****** ************* 

C COUNT LEVELS FDR AFD NOW,IF A FREQUENCY BAND HAS NO 

C COUNTS, SKIP TO NEXT 

C ******************************************************** 
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DO 1010 N=I,INEW 
I FCNADCC N) eLT.LAf 1 > > GO TO 1010 
DO 1000 J=2,NAMP 
IF(NADCCN).GE.LACJ)) GO TO 1000 
JJ=MAMP-J+2 
GO TO 1005 
1000 CONTINUE 

JJ=i 

1005 AFDCJJ ,IF) rAFDCJJ ,1 F) + l 

1010 CONTINUE 

C 

C********* ******************** ******* ********* ********** ****** 

C AFD COUNT NOW COMPLETE FDR CURRENT DEGREE OF FREEDOM 

C 

C************************************************************* 

99 CONTINUE 

TYPE 54 ,NDEG 

54 FORMA TC’l AFD OUTPUT OF THE’ ,12 , * DEGREE OF FREEDOM FOR- - * /) 

TYPE 5$, HEAD 

C* #5{e afcifc s[e * * * * * * * ** * * ********* *** ** * ** * ************ * 

C 

C TYPE OUT AFD HEADING 

C 

C******** ************************************* ********** 

5$ FORMA T(’0’ , 1 4A 5) 

DO 550 K = !,NAMF 

550 TYPE 400,CAFD(K,I> ,1=1 ,NFIL> 

Q* ********************************************* ********** 

C TYPE OUT AFD 

c******************************************************* 

400 FORMA TC '0 ’ ,1017) 

999 CONTINUE 

STOP 
END 
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APPENDIX D 
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reproducibility of the 

ORIGINAL PAGE IS POOR 



C$$$$$$$$$$$ $'$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ $$$$$$$£$$$$$$$$$$$£$$ 

C SSSARL-AFD, E4$$$ 

C . THIS IS AN AED PROGRAM FOR SIX DEGREES OF FREEDOM"- * 

C . USING 8 OCTAVE FILTERS WITH THE PARALLEL METHOD 

C DATA MOST FIRST HE DIGITIZED AND STORED ON TAPE. - - " 

C$$$£££$$£$£$£££$$££££££££££££££££££$£$£££$££££$$$£$£$££$££$££££ £'$££$$$ 

COMPLEX ST (256 ) ,W 1N( 32 ) ,W2N( 256 > ,SAVE1 — 

DIMENSION X { 38 40 ) 

INTEGER AFD ( 6 ♦ 8 ) -■ - — -- — 

INTEGER *2 I D ♦ I F X ( 480 , 8 ) 

DIMENSION AP(250) ,LA(7) ,EM(9) ,EL(9),AM( 10) ~ " - 

DIMENSION A(7 ),NPEAK(250) ,TJME0(250) 

DIMENSION I SEG ( 19 ) , PE AK ( 250 ) * - — 

DIMENSION A PM ( 6 , 8 ) , APAED ( 6 , 8 ) , C ( 8 ) 

.REAL NAPAED< 6,8 ) ,KE (6,8 ) ,NAPM(6,8) ,NAP(250) 

I SEC =6 00 

PI . - 3.14159265359 - • ~~ — — - 

N 1 = 32 

L2N1 = 5 

CALL EFT (ST »W2N,N2,L2N2»0) 

DO 1020 1 = 1,256 

WA = REAL ( W 2 N ( I ) ) 

WB = AIMAG(W2N(I)> - - * 

1020 W2N< I ) = CMPLX ( WA , -WB ) 

CALL F FT ( ST , W IN * N 1 , L 2N 1 * 0 ) — - — - 

BB - 0.0 

C$s$$$$$$ $$$$$$£$$£$$$$$$££ $$$$$£$$$£$$£$$$£$£$ $$$$-$$$$ $-$■■$ $-$-$-$■$ $-$••$■$ $ $ $ $ 

C THIS IS THE SET OP SECTION ALLOWING THE USER -TO 

C SPECIFY THE FOLLOWING ON DATA CARDS: - — 

C 1. ID NUMBERS, RUN NUMBER, AND DEGREE NUMBER 

C - THAT ARE DESIRED -FOR- THIS RUN • 

C. 2. ABSORBED POWER K FACTORS WANTED 

C£$$$££££££$££$££££££$£££££$£££££$£££ $$$$$$$$ £££££$£££££££$ £■£■$££$■£-££$$$■■ 
C READ ID NUMBERS, RUN NUMBER, AND DEGREE NUMBER FROM DATA CARD 
C£$ ££££$£££££££$£££££$£££££££$$££$$£££-££££$$££$ £££$££■$-££$£$•£££££■£$$$$■-$•£-- 
READ ( 5 , 220 ) ( ISEGi I ), 1 = 1,7) 

220 FORMAT ( 1912 ) - — - 

KELE = I SEG( 7 ) 

C$$$££$£S3iS$$£££££$£££$££$££££££ £$££££££££$£££■££-£$$$$■£■$ $$££$£ $■$-£ $$-$$$$$— 
C READ K EACTURS FROM DATA CARD 


C$£$S$$$S ££££££££££$$££££$£$££££££££££$$£ $$££ $$$££$$$£$$$$$$$$-$$$$$$$$ $ 
DO 350 KDEG = 1 , 6 

IF (KDEG. ED. 2 ) GO TO 320 - 

201 READ ( 5 , 301 ) ( KE ( KDEG, 1 ) , I = 1 , 8 ) 

30 1 - FOR MAT ( BE 6 . 6 ) - - — 

GO TO 311 


• 32 0- REA D( -5 ,302) (KE (KDEG, I ) ,1=1,8) 


302 

311 

350 


FORMAT ( 8F6. 5 ) 
CONTINUE - 


CONTINUE' 

DO 800 1--K0EG=1 ,6 

IE(KDEG.GE.4) CAL=1140.0 
I E ( KDEG . L T *4 ) CAL =200.0-:- 
I F (KDEG . EG . 1 ) CAL = 285,0 




.... TUX =5000.0 - — 

IE(KDEG.GF.4) TUX = 200()0.0 


C £$$$$£$$££$$£$ S £ £ £ S $$££$$$$$£$£$$$$$$$££$$ £ ££•$•£££$-£ $ $ $ $ $ £ $ £ $-£•$-$ $-$ £-$r-&-£-£- 

C CALCULATE CENTER AMPLITUDES 



C$$$SS$$$$$$S$$$$S$S$$$$$$S$$$$$$$S$SSS$$$S$$$$$ $$$$$$ $$$$$$$$$$$$$$$$$ 
N AMP =6 

MAMP*NAMP+1 . - - — 

22 EXT=ALOG( 700*0) 

P0WPR=( AL0G( 10000 .0 )-EXT ) /FLUAT (NAMP) 

DU 2 3 K=1,MAMP 

B =K - • - 

DUM= EXP ( POWER* ( B-1.0 )+EXT ) 

L A ( K ) =DUM - - — ■ — - 

23 AM(K)sEXP<PGWER*(B-0.5)+EXT>/TUX 

CSS SSS$$$$$$$S$$$$$SS$S$$S$S$$$S$$SS$$ $$$$$$$$$$$$$$$$$$$$$$ $$$$$$$$$$$ 
C CALCULATE FREQUENCY LEVELS 

C$ss$ss$$ssss$$$ssss$$$ss$s$$s$ss$s$$s$s$s$$s$ss$$s$$ssss$s$$$$$$s$$$s$ 

NFREQ=8 

FMIN=.0625 ■ : - - - - — 

MFREQ=NFREQ+ 1 

DO 38 1=1, M FREQ - - 

Y = I — 1 

38 FL (I) =FMIN*2.0**Y / - 

csssssss $$$$$$$$$$$$$$$$$$$$ $s$$s$$$$$$$$$$$$$$$$$$$$ $$$$$$$$$$$$$$$$$$ 

C CALCULATE AMPLITUDE LEVELS - - - - 

C $$$$$$$ $5>$$S$$SS$$$S$S$SS$ $$$$$$$$$$$$$$$$$$$$$$$$$$ $$$$$$$$$$$$$$$$$$ 

DO 15 K = 1 , MAMP ' - — - 

DA=L A ( K ) 

15 A (K ) = DA/TUX - - - - •- 

C $$$$$$ S $S $ $ $ $ $ S S S $S $ $ $ $ $ S $$$$$$$$ S $$$$$$$$$$$$$$$$$$$$ S $ $ $ $ $ $ $ $ $ $ $ $ S $ $ 
C CALCULATE CENTER FREQUENCIES - - ... 

C $$$$$$$$$$$$$ $S $ $ S$$ $ $ $ S S $ $ $ $ S S $ $ S $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ S $ $ $ 

DO 16 K = 1 , NF REQ - - : - 

B = K 

EXT =ALGG ( FM I N ) - - — — 

FR EO = NFR EQ 

POWER=(ALOG(FL ( MFREO ) )-EXT)/FREO — - — 

FM(K )=*EXP(P0WER*{B-.5)+EXT> 

16 C ( K ) = FM ( K ) *6 00.0 - ■ . — — 

WRITE ( 6 , 4 1 ) ( A ( K ) , K = 1 , M AM P ) 

41 FORMAT ( 1 0 AMPLITUDE LEVELS ARE .SET AT 1 , / / , 7F6 . 2 ) 

WRITE (6,42 MFL ( K ) ,K=1, MFREO) 

42 FORMAT ( *0 FREQUENCY LEVELS ARE SET AT 1 / / * 9F6-. 2 ) - .._ ... 

WRITE ( 6 , 43 M AM ( K ) , K=1,NAMP) 

43 FORMAT ( 1 0 CENTER AMPLITUDES ARE * , / / , 6 F 7 . 3 } 

44 WRITE (6,45 U FM ( K ) , K= 1 , NFR EQ ) 

45 FORMA T { 1 0 CENTER FREQUENCIES AR E • , / / , 9F7 . 3 ) - 

WRITE (6,46)(C(K),K=1,8) 

46 FOR MA T ( ’ 0 MAXIMUM POSSIBLE COUNTS PER SEGMENT '•-,/■■/ r 9F10. 3 ) — ~ 
WR I 1 E (6,605) 

605 FORMAT {'0 UNADJUSTED ABSORBED POWER AFDM - 

C$$$$$$$$JS$S$$$$$$$$S$$$$S$S$S$$$S $$S$$S$$$$$$S$$$$SS$$$S$S$$$$$S$S$$$ 

C CALCULATE AND WRITE UNADJUSTED ABSORBED PUWER MATRIX 

C$$SSS$$SSS$S$SS$$$S$$$$SS$SSS$$S$S$$$$SSS$$S$$$$$$$$$S$$$SS$S$$$$$$$SS 

DO 600 1=1,6 - - 

DO 601 J = 1 , 8 

APM( I , J ) =KF ( KDEG, J )*0. 5- ( 3 2 • 2* AM ( K } ) **2 

NAP M ( I , J ) = APM ( I , J ) / C ( J )- — 

601 CONTINUE 

WRITE (6,602 ) ( APM ( I , J ) , J = 1 , 8 ) - - — - 

602 FORMAT ( 1X,9F10. 5 ) 

600 CONTINUE - 

CS$$$$$$SS$$$$$$$$$s$$$$S$$SS$$$$$S$$$$$$$$$S$$$$$$$$$$$$SS$$$$$S$$$$$$ 
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C CALCULATE AND WRITE ABSORBED POWER MATRIX 

C$$$S$$$$!6S$$$$$$$S$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$S$*$$$$$$$$$$S$$5$S 

WRITE (6,606) • - - ' 

& 06 FORMAT MO ABSORBED POWER AFD') 

DO 603 1=1,6 - — 

WRITE ( 6 ,602 )( NAPM( I , J ) , J= 1 , 8 ) 

603 CONTINUE ... ... - 

C$$$$$$$ $*$$$>$$$$$$$$$$$$$$$ $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ 

C DU LOOP FOR SEGMENTS 

CS$S$$$$$S$$$$$$$$$S$$$$$$$$$$S$$SS$$4$$$$$S$$SS$$$$$$$$$$$$$S$$$$$$$$S 

C$$$SS$$$$$$$$$$$$$$$$$$$$$$$$$$fcS$$$$$ $$$$$$$$$$$ $$$$$$$$£$$$$$$ $$$t$S 

C WRITE K FACTORS 

CS$$$S$$$3»$£$$$$$$$S$$$$Si$$$$$$$fi$$$$$$5$$S$$$Si£$$$$SS$$$$S $$$$$$■$$$$ $ 

WRITE <6,210)(KF(KDEG,I ), 1=1,8) 

210 FORMAT ('OK FACTORS ARE ' , / / ♦ 8F9 . 6 ) 

T I M= 0 . 0 

ICHK=ISEG(KDEG) - - ” - 

C$$$$$$$$$$£$$$s$$£$$$$$$$$$$$$$$$$$$$$S$$$S$$$$$$£$£$$$$$$ $$$$£$$$$$$$ 

jC ZERO OUT AFD — -■ - 

$$£$$$$$$$$$$$ $$$$$$$$$$£ £$$$$$$$$$$$$$$$ $$$$$$$£$$$£$$$$$$$$$ 

DU 63 KK = 1,8 - — • 

DO 63 J J=1 , 6 

63 AFD (JJ *KK > =0 - - - — 

t$$$$$S$$$$£$$$$$£$$$$$£$$$£$£$$$t$$$$$£$$£$$$$$£$£$$$$$$$$S$$4$$S£$$$$ 

C ADVANCE TAPE TO PROPER ID NUMBER - - " ' 

C$$$ $$$$$$$££$£$$£$£$$$$£$££$$$$$££$$$$ £$$$$$$££$£$$$$$$$££££$$$$££$££$ 

KUX=1SEC/15 — 

DO 3 512 I ABC = 1 , KUX 

DO 8020 I VOX = 1,5000 - 

READ ( 0, END=5200,ERR=5100 ) ID,IFX 

IF( 1D.EQ. ICHK ) GO TO 8021 - - 

8020 CONTINUE 

802 1 CONTINUE - — - 

C$$$$$$$$$$$££$$S$S$$$$£$$$$$$S$$$$$$$$$$£$$$S$S$$S$$$$$$$$$$$$$$$$$$$$ 

C WRITE ID NUMBER - ■ - 

C$$ $$$$$£$ $$££$$$$$$$$$$$$$£$$$£$$$£$$$$$$$$ $$$$$£$$$$ $$$$£$$$$$$$$$$$$ 

WRITE (6,8888 ) ICHK 

8888 FORMAT! IX, ' ID NUMBERS * 13) 

CS$$$$$$$4£S£$$£$$ $$$$$£$$$$$$£$$$$$$£$$$$$£$$$$£$$$$$$£$£$$$$$$■$$$$$$$ 

C DO LOOP FOR FREQUENCY BANDS 

C$$$$$$S$$£$$$$ $$£$$$$$$$$$$$ $$$£$$$$$£S$ $$$$£$$ £$$$$$$$$$$££$$$ $■$$$$$ SB 

DO 1001 I X = 1 , 8 

COUNT =0.0 ' — 

DELT=1 .0/256.0 

I F ( I X . L E . 6 ) DELT = 1 .0/32.0 * 

KFREO=IX 

C£$4S$3>S$S$$$£$$S£4SS$$$$$$$$$S$S£S$£$$S$$£SSSS$S£$SS$££S$ $-$-&-$■$•$ -$• $■ $■$ $-£ $ 

C SKIP FFT CALCULATIONS FUR FIRST FIVE FREQUENCY BANDS 


C$$ $$$$$$ $$$$$£ $$$$$$$$$ ££ $$$$£$£$$$ £$S$ $ $$■$-$■$■$*■$£$■$$ $$$$$$-$-$ $$■$-£$-£-$-$-$■$- 
IF( IX.LT.7 ) GO TO 1003 

C$$$$$£$S4SS$£$$£SS$S$$$$S$ $$$$$$$$$$ £.$$£$$$£$$$$ $ $ $ $ $ $$$$$$$$£ $$$£$$$$ 


FFT CALCULATIONS 


IQ = 0 

DO 1002 JX = 1,480 

IQ = IQ-+1 - - 

aa = I fx ( jx , I x ) ORIGINAL PAGE is POOR 

S T ( IQ) = CMPLX ( AA , B 8 ) ■ 

IFdQ.EQ.32) GO TO 1019 
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1019 


GtJ TO 100 2 

10 = o 

CALL FFT(ST,W1N,N1,L2N1,1) ~ " ~ - 

CALL FFT(ST,W1N,N1,L2N1,2) 

DO 1006 I = 17,32 
UX = I + 224 

1006 ST ( II X ) = ST { I ) 

DO 1007 I = 17,240 

1007 ST < I ) = CMPLX(0. 0,0.0) • ' - - * 

CALL FFT(ST,W2N,N2,L2N2,1) 

CALL FFT (ST ,W2N,N2»L2N2,2) - 

NX X = IV*256 + 1 
NY Y = NXX + 263 
J = 0 

DO 1030 I = NXX , N YY - — - 

J = J + 1 

1030 X { I ) = RE AL ( ST ( J ) ) /3 2 *0 - - 

IV = IV + 1 

1002 CONTINUE - - 

1003 CONTINUE 

I ADC = 0 - - - ” 

I s w= o 

I NE W=0 - ~~ 

I MAX =30 

C$ $ $$ S$ $ $ S$ £ $ $ $ $ $ $ S $$$$$$$$£$$$$$$$$$ S $$$$$$$$$$$$$$$$$$$ $S $$$$$$$$$$$$ - 
C NS AMP = NUMBER OF SAMPLES DIGITIZED PER FREOUENCY BAND PER SEGMENT 
C$ $$$$$$$ S$ $$£$$$$$$$$$$$$$ $$$$$$$$ $$$$$$$$$$$$$$$$$$$ $$$$$$$$$$$$$£$$$ 
NSAMP = 3840 

IF(IX.LE*6) NS AMP =480 ... - 

C$£$$$$$$£$$$$$$$$£$£$$$$$$$$ $$$$$$$$$$$$$$$$£$$$$$$$$$$$$$$$$$$$$$$$$$ 

C BEGIN PEAK DISCRIMINATION - - 

C$$$$$$$ $$$$$$ £$$$$$$$$$$$$$$$$$$ $$$$$$$$$$$$$$$$$$$$$$$$$ $$$$$$$$$$$$$ 

DO 100 1=1, NSAMP - 

IFUX.GE.7) GO TO 110 

I ADC= I FX { I , I X ) - — 

GO TO 111 

110 I ADC = X ( I) ■ - - - - — — 

111 C0UNT=CUUNT+1 .0 

IF ( I ADC . LE • I MAX ) GO TO 120 • — - 

ISW=1 

77 I MA X= I ADC — — - 

GO TO 100 

12 0 I F < ISW.LT ,1 ) GO TO 100 •- - - - 

I F ( I AOC.GE.O) GO TO 100 

I NE W= I NE W+ 1 - -• 

NPEAK { I NEW ) =1 MAX 

TIMED! I NE W ) =T I M+ ( COUNT *L)ELT ) - ----- 

I MAX =30 

100 CONTINUE 

98 IF ( INEW.LT.1 ) GO TO 99 - — 

C$$$£$$$$&$$3>$$£$$$$$$ $$$$$$$!$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ 

C WRITE HEADING FOR PRINT-UUT - 

C $$$$ S» $£$$$$$$$$ $$$S$ $$$$$$$$$$$$$£$£$$$$£$$$$$$$$$$$ $$$$$ $$$$$$$$$$$$$ 

WRITE(6,951) KFLE ,KDEG,KFRFQ: - 

951 FORMAT ( T7 , * RUN= 1 , I 1 /T 12 , ‘ DEGRE E= * , I 1 / T 1 7 , 1 FR EQ BAND= • , I 1 ) • 

WRITE (6,954) - — .. ...... 

954 FORMAT ( 1H0 , T2 7 , 1 OHT I MEU ( S E C ) , T47 , 8H AMP ( G 1 S ) , T6 7 , 3HA P ,T87,4HNAP ) 
C$£$3>$$£$ $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ 

C IF NO PEAKS IN THIS FREOUENCY . BAND , SKIP TO NEXT 



C$$$$$$$£ $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ $■$$$$$$$$$$$$$£$$$$$$$$ 
DO 3.009 JJ = 1,1 NEW 

€$$£$$$$$ £$$$$$$$$$$$$$$$$$$$$$$$$$ $$$$$$$$ $$$$ $$$$•$$$$•$ $$£$$- 

C CALCULATE UNADJUST ED ABSUKBED POWER AND ABSORBED POWER 

C $$$.$$$$$ S'. $ $ $ $ $ $ $ $ £ $ $ & $ $ $ $ $ $ $ $ $ $ $ $ £ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $•$ $$$$$$$£$£$$$$ 
XPEAK=NPEAK ( JJ ) 

PEAMJJ )=XPEAK/CAL - • ■ - - 

BPEAK=32.2*PEAK( JJ ) 

AP( JJ ) =KF (KDEGtKFREO ) *0 . 5*BPE AK**2 — 

NAP( JJ ) =AP ( JJ )/C (KFREO) 

C$$$$£$$ $£$$$£$$$£$$$$$$$$$$$$$$$$$$££$$$$$$$$££$$$$£$£$$£$$$$$$££$$$££ 
C PRINT OUT TIME OF PEAK OCCURANCE, AMPLITUDE OF PEAK, UNADJUSTED 

C ABSORBED POWER AND ABSORBED POWER OF PEAK - 

C $$$$$$$$$ $$$£$$£$$$$£$$$$$$$$ $$$$$$$$$$$$$$$$$$$£$$$$$$$$ $$$$$$$$£$$$$ 

WRITE (6,93) TIMEO(JJ), PEAMJJ), AP(JJ),NAP(JJ) * 

93 FORMAT (T30,F7«2,T50,F7*2,T65,FT2*3,T85,F10*4) 

1009 CONTINUE - 

CS$$£$$$$$$$$£$ $$$$£$$$£$$$$$$£$$$££$£$$$$$$$$$$$$$$$$$$$£$ $$$$$$$$$$$$ 

C COUNT PEAKS FOR AFD AMPLITUDE BANDS - 

C $$$$$$ $ $$$$$$$$$$$$$$$$ $£$$$£$$$£$$$$$$$$£$$£ $$$$$$$£$$ £$$$$£$ £$$$$$$$ 

DO 1010 N = l, INEW - 

IF(PEAMN).LT.A( 1 ) ) GO TO 1010 

DO 1000 J =2 , 6 - ' 

IF(PEAK(N) • G E • A ( J ) .) GO TO 1000 
JJ-B-J ■ - • ‘ 

GU TO 1005 

1000 CONTINUE 
J J = 1 

1005 AFD(JJ,1X )=AFD(JJ, IX)+1 

1010 CONTINUE 

99 CONTINUE 

1001 CONTINUE 

T IM=T IM+( COUNT *DELT ) 

5512 CONTINUE 

C£$ $$$$$$£ $£$$$$£$$$$$$. £$$$$£ ■$■$ $$■£$$$£$£ 

C . AFD COUNT NOW COMPLETE FOR CURRENT DEGREE OF FREEDOM 6 FREQUENCY 

C HEADING FOR AFD PRINT-OUT - —■ — 

CS$£$$$$$$ $$$$$$$$$£$$$ $$$$$$$$$$$$$$ $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ 

WRITE (6, 951) KFLE,KDEG -- — 

WRITE ( 6 , 5 A ) 

54 - FORMAT ( 1 H 0 , T 2 5 , 1 A F D OUTPUT * ) 

C$S£$$$$£$$$$$$$£$$$$$$$$£$£$$$S$$£$$$$£$£$$$$$£$$£&$$$$$$$$$$$$$$$$$$$ 
C CALCULATE UNADJUSTED ABSORBED POWER AFD, ABSORBED POWER AFD, TOTAL" - 
C UNADJUSTED ABSORBED POWER, AND TOTAL ABSORBED POWER 

C$$ $$$$$$$$ S $$$$$$ $ S$$ $ $ $ S 4 $ $ $ $ S $$$$$$$£$$$$$$$$$$$$£ S $ $ $ S $ $ £ $$■$-$-$ £$■$■£ $ 
SUMA P = 0 

SUMNAP = 0 - 

DO 550 1=1,6 

....... DO 551 J = 1,8 

XYZ=AFD( I , J ) 

.. . . APAED ( I , J } =XYZ*APM ( I , J ) - - 

NAP A F D ( I , J >=XYZ*NAPM< I , J ) 

„ SUM AP=SUMAP + APAFD ( I- , J ) 

SUMNAP=SUMNAP+NAPAFL>( I , J ) . 

C$$S>$£$3>$3>$ , 2>$ 2, $$$$$$$$ $$$$$$$$$£$£$£$$$$£$$$$$$$$$$$$££$$$$$$$$$$$$$£$ $> 
C PRINT OUT AFD, TOTAL UNADJUSTED ABSORBED POWER, TOTAL ABSORBED POWER, 

C UNADJUSTED ABSORBED-POWER AFD ,--AND— ABSORB E D--POWER~AFO 

C$$$$$ $$$$ $4 $$$$$$$££$$£$ $£$£$$$$$£$$$$$$$$$$$$$$$$$$$$$$$ $$$$$$£$$$£$$ 

551- CONTINUE -- — - — 

WRITE (6,400 ) ( AFD ( I , J ) , J = 1 , 8 ) 
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400 FORMAT (1017) 

560 CUNT I NUE 

WRITE(6,801) SUMAP,SUMNAP , 

BO 1 FORMAT* 1H0,T12, ■ SUMAP= * , F 7 . 3 , T 35 , * $UMNAP= 1 , F 7 . 3 ) 

WRITE (6,654) 

654 FURMAT ('0 UNADJUSTED ABSORBED POWER MATRIX*) 

DU 650 1=1,6 

WRITE (6,651 ) (APAFDUtJ) » J = l,8 ) 

661 FURMAT < 8F9.3 ) 

650 CONTINUE 

WRITE (6,653) " 

653 FORMAT ( • 0 ABSORBED POWER AFD* ) 

DO 652 1 = 1,6 

WRITE (6,651 MNAPAFD( I,J),J = 1,8) 

652 CONTINUE . **T 

8001 CONTINUE 

STOP •“ ” ■ 

5200 WRITE (6,5201) 

5201 FORMAT (INI, ’END OF TAPE*) - ; “ * ~ " 

STOP 

5100 WRITE (6,5101) - 

5101 FORMAT (1H1, 'ERROR ON TAPE*) 

STOP . “• * 

END 

C $ S $ $ $ $ $ 3. S $ S $ $ £ S $ $ $ S $ $ $ $ £ $ $ $ $ S> $ S S S $ $ $ 5> $ $ S S $ $ £ $ $ t $ '$ $ $ $ $ $ S $ $ S $ $ $ $ $ $ S $ $ S $ 
C SUBROUTINE EFT $£ 

C THIS IS THE FAST FIJUkIFR TRANSFORM SUBROUNTINF USED -- 

C TO DEVELOP DATA POINTS FOR THE HIGHER FREQUENCIES WERE 

C THE SAMPLING RATE WAS NUT ADEQUATE 

C$$££$$£££$£$££ $$$$$$$$$$$££$$£ £$$£$$ $$£$$$$$$$$$$$$$$$$$ ££$$£$$£$$£$££ 
SUBROUTINE EFT ( Z , W X W , N X N , L 2 N X , N C X ) 

COMPLEX 2(256) ,WXW(256) , CMM , DMM 

I F( NCX-1 ) 10, 12 , 11 - 

10 DO 1 I = 1 , NXN 

TWP lM=-6. 283 1854 - - - 

A = FLOAT ( I -1 )* T W PI M /FLOAT (NXN ) 

1 WXW(l) = CMPLX (COS (A ) ,SIN(A ) ) . - ~ 

RETURN 

11 DO 2 I = 1 , L 2 N X - — -r 

K = 2 * #( I ~ 1 ) 

KK = NXN/K2 

DO 2 I I =1 , KK ' - -v - - - 

M= ( I I - 1 )*K2 

DO 2 I I I = 1 ,K - - • - 

J= ( I I I -1 )*KK+1 

L = I 1I+M - — 

LL = L +K 

CMM=Z ( L ) - - - 

DMM = WX W( J ) *Z ( L L ) 

Z ( L ) = Z ( L ) + DMM ■: 

2 2 ( LL )=CMM-DMM 

RETURN •• r •. — 

12 DU 4 I = 2, NXN 

KK =0 

00 5 L = 1 , L2N X - 

j - 2**(L2NX-L ) 

IF(JJ) 5,5,6 


r> a 



6 KK=KK+2** (L-l ) 

K = K- J 

3 CONTINUE - 
IHKK-I+l) 4,4,7 

7 CMM=Z(I) 

l ( I ) = Z (KK + 1 ) 
l (KK + 1 )=CMM 

4 CONTINUE 

RETURN 

END 
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(Note: Degrees 1, 2, 3 are degrees 1, 2, 3 for front seat; 

degrees 3, 4, 5 are degrees 1 , 2, 3 for center seat.) 
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RUN 2, DEGREE 2 


(Note: Degrees 1, 2, 3 are degrees 1, 2, 3 for front seat; 

degrees 3, 4, 5 are degrees 1, 2, 3 for center seat.) 
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RUN 2, DEGREE 3 


(Note: Degrees 1, 2, 3 are degrees 1, 2, 3 for front seat; 

degrees 3, 4, 5 are degrees 1, 2, 3 for center seat.) 
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RUN 2, DEGREE 4 


(Note: Degrees 1, 2, 3 are degrees 1, 2, 3 for front seat; 

degrees 3, 4, 5 are degrees 1, 2, 3 for center seat.) 


Frequency and Amplitude Bands are set as follows: 
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RUN 2, DEGREE 5 


(Note: Degrees 1, 2, 3 are degrees 1, 2 , 3 for front seat; 

degrees 3, 4, 5 are degrees 1, 2, 3 for center seat.) 


Frequency and Amplitude Bands are set as follows: 
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RUN 2, DEGREE 6 


(Note: Degrees 1, 2, 3 are degrees 1, 2, 3 for front seat; 

degrees 3, 4, 5 are degrees 1, 2, 3 for center seat.) 


Frequency and Amplitude Bands are set as follows: 
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RUN 6, DEGREE 1 


(Note: Degrees 1, 2, 3 are degrees 1, 2, 3 for front seat; 

degrees 3 S 4, 5 are degrees 1, 2, 3 for center seat.) 


Frequency and Amplitude Bands are set as follows: 
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RUN 6, DEGREE 2 


(Note: Degrees 1, 2, 3 are degrees 1, 2, 3 for front seat; 

degrees 3, 4, 5 are degrees 1, 2, 3 for center seat.) 
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degrees 3, 4, 5 are degrees 1, 2, 3 for center seat.) 
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RUN 7, DEGREE 1 


(Note: Degrees 1, 2,3 are degrees 1, 2, 3 for front seat; 

degrees 3, 4, 5 are degrees 1, 2, 3 for center seat.) 


Frequency and Amplitude Bands are set as follows: 
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(Note: Degrees 1, 2, 3 are degrees 1, 2, 3 for front seat; 

degrees 3, 4, 5 are degrees 1, 2, 3 for center seat.) 
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RUN 7, DEGREE 5 


(Note: Degrees 1, 2, 3 are degrees 1, 2, 3 for front seat; 

degrees 3, 4, 5 are degrees 1, 2, 3 for center seat.) 


Frequency and Amplitude Bands are set as follows : 
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RUN 7, DEGREE 6 


(Note: Degrees 1, 2, 3 are degrees 1, 2, 3 for front seat; 

degrees 3, 4, 5 are degrees 1, 2, 3 for center seat.) 


Frequency and Amplitude Bands are set as follows; 


FACT OKS AKF 
0 0 0 0 0 0 0 . 0 o o 0 0 0 
JvMPL 1 TUDE LEVELS 
0.03 0.05 O.OUi 

P'RluUF mcy levels 

J.06 0.1? U.25 

^ENlEk AMPLITUDES 


0 . 0 0 0 0 0 u 0 o 54 0 0 0 0 
A kc. S E I 4 T 
0.13 0.21 0.3? 

A k L S E T m V 

o . S 0 1 . j 0 ? o 0 0 

A k E_ 


0 ♦ 5 0 0 0 !..) 1.360 0 i 0 


o . 50 


A „ o o 8.9 0 J 6 , 0 


0 . u 35 0 0 0 0 • u 0 ?3 0 0 



J , u 4 4 0.068 0.106 0.1 bb 0.3b 7 0.401 

c f. isi r t k f r e: oj u f mc its ake 

. O 88 0.17? 0.354 0.707 i . 4 1 4 3.838 3.65/ 11.314 

M A A 1 M U H P O S S I B L E C O U f 4 T S PL k S c. b M £ a T 

I i . 3 ? 6 2*652 b * 3 0 3 10.607 21.210 42.42b 34.833 1 o 9 » /OS 


v 6 s o r eeo p o w f: p no>. t * i i x 
0 . 0 o ooo 0 . 0 0 0 0 0 0 « o 0 0 0 0 2 1> . 2 6 8 8 o 

0 • 0 0 o 0 0 0 • 0 0 0 o 0 0 . 0 0 0 0 0 11, 6 b 6 6 b 

1 0.00 U 0 o U . 0 0 0 o o 0 . 0 0 0 0 0 4 . 8 ■ 4 8 / 

0.0 0 0 00 U . 0 0 u 0 0 0.0 0 0 0 0 l . 9 H : ! 2 2 

o .ooo o o o . o o o o o u . o o ; i o o o . a 1 1 > i 1 

0.00000 0.00 0 00 0.0 0 3 00 0 . 3 3 b 3 •+ 

|\j o R M A L I 2 E D A 8 SOPBEQ P O w E K • A f R i X 

n . 0 0 0 0 0 0 . 0 0 0 0 0 o.on (\ u 0 2 . 6 u 7 1 v 

0.00000 0. 000 00 0.00000 1*09919 

0.0 0000 O.OC'Ou 0. 00000 U.4330L 

0.00000 0*00000 0.00000 0*)867u 

0.00000 • O.OOuOl 0.0000b 0.('/o94 

0.0000 0 0 . 0 0 " 0 0 0 . V 0 0 0 0 i* o 0 3 J 7 1 



.98] 31 

2 i , 6-3266 

2.91209 

0.19137 

\ 

• 37410 

8.91 544 

1 e 2 (• 0 .1 6 

0 . 0 / 6 8 7 

o 

.4791b 

3 . 6 7 h- 3 1 

0 ° 4 94 0 2 

0.03250 

.3 

* 4 9431 

1 .31429 

0 .203 1) 5 

0 . 0 ] 340 

i 

o h- 4 i; i V 

0 .02406 

0 . 0 64 0 1 

0 « 0 0 352 

0 

.59334 

0.23720 

0.03462 

0.00226 


8 . 3393? 

0.309 8 4 

0 *034 -> 2 

0 . 00 113 

\> . V 6 9 b / 

0 « 2 J. 0 1 4 

0 . 0 1414 

0 , u 0 04 6 

o . 39 9 7 1 

0 . 0 86 b 0 

0 * 0 0 3 6 3 

0 . 0 0 0 1 9 

‘ > s 1 u 4 7 3 

0 . 0 3569 

n . 0 0840 

0.00 0 0 b 

v . 1.: <J 7 8 9 

0 . o J 4 7 1 

\) . 0 0 0 9 9 

0.0 u 0 0 3 

o . 2 / v o 

0 . U O 6 0 6 

0 . 0 0 0 a 1 

0 . 0 O 0 0 J 


E-87 


reproducibility of the 

ORIGINAL PAGE IS POOR 



E-88 


1 h 1 1 ■ h 

SEGMENT* 3 


.if i) oujpur 


PEC>PEE*6 

SEGMENT" 1_ 


„ o 
0 


.0 


0.. 

I 

13 

<*v . 


AEU OUTPUT 


StIMAPo P.211 


SUMNrtpo 0.001 


0 .. . 0 

0 0 

0 U 

0 o 

0 0 

1 0 

SilMApo 0,136 


ABSOKBfc'O PflWtR AF(J 


SUmNAPs 0.001 


0.000 

o.onn 

0.000 

0.000 

o.onn 

0 . 0(iO 

o. Ono 

O.OOJ 

0.000 

(i. nno 

_0 .1)011 

.O.ooo 

o.nun 

y. . o o o. 

0.00-7. 

0 , 0 r 0 

o.ooo 

0,000 

"b .00 0 

O.ooo' 

"o . 9 JO 

o , boo 

O.OoO 

O.Ufiu 

0.000 

0.000 

0.000 

0.000 

. o.ooo 

o.noo 

O.OnO 

0.013 

0.000 

o.noo- . 

0,000 

...-0,000 

?. jr.j , . 

u.uo* 

0. ODO 

0*072 

0.000 

0.000 

o.ooo 

0.000 

0.1,00 

0 . OJO 

0.0 3^ 

C.UV1 

NORMALIZED 

ABSORBED 

poker 

AFU 





0.000 

0.000 

(l.uoil 

0.000 

n.iX'O 

T.ono 

"6« byO~ ~ 

O.JOU 

0.000 

0.(100 

O.noo 

0.0 00 

o. non 

o.ono 

O.OoJ 

0 . OOU 

0.000 

o.ooo . 

o. non 

C ,\>rtO 

. o.OPy 

o-Oyo 

O.OoO 

0.000 

o.uoo 

o . o no 

0 . Ouo 

0 , 000 

0.000 

u.ono 

O.onn 

n.oou 

0.000 

0.000 

0,000 

0.000 

0.000 

o.opo 

0.000 

U.OyQ 

o.ooo 

O.OOO 

0 . 0 (Hi 

u.mift 

O.npO 

n^Oiu; 

0 , 0 n (1 

n . 0 a 1 


ABSORBED PO"£P Aro 

o.ooo o.oyo . 

0.000 

0.000 

0 . 00 0. 

_o.uno_. 

o.ooo 

g.onn 

0.000 

o.ooo 

o.noo 

" o . u i> o 

0.000 

o. nno 

0.000 

O.noo 

o.ooO 

o.onu 

0.000 

0.000 

0.000 

0.000 

0 . noo 

o.ono 

0.000 

o.noo 

0.000 

0.000 

y.oOn 

0 . 0 o u 

0.000 

0 . 0 r o 

o.ooo 

U.000 

0.00 0 

j.ooo 

NORMALIZED 

0,000 

ABSORBED 

o.noo 

POWER 

0.000 

AF U 

0.000 

O.onn 

ij.on o 

0.000 

o.ono 

0.000 

0 , 0 (lit 

_ piPOO 

fi.; 0&P_ 

0.000 

o . ooo 

o.noo 

o . y u o 

O.uOO 

b. bob 

0.000 

0.000 

0.000 

0.000 

O.UOO 

o.ono 

0.000 

0.000 . 

O.OOJ 

.. O.onu. 

9,0'Xl 

„«• ouo^ 

o.uoo 

0 . n n 0 

o.noo 

0 . n n n 

O.OI'A 

r.iiiu- 

.- 



MR*- - '■ 

• r “ rrvr - — ‘‘ - *■-' 



.0.000 

O.OnJ 

O.OnO 

O.OnO 

o.ono 

O.OPO 


O.OpO 

_n . 0 y.O . 
0.000 
o.ono 
.0*000. 
o.ooo 


,000. 
.000 
. njo 


l)EG H EE B 6 

SEGMENT" 


HUU°? 


OEGPEE-6 

SEGMENT* 2 


AEU OUTPUT 

0 c 

0 ( 

P T 

0 t 


> O.OllO 

1 0 

0 

0 

0 

0 

0 

0 

0 


i- U.U3U 

1 0 

0 

0 

0 

0 

0 

0 

0 


i O.OSB 

■ 0 . . 

0 . . 

0 

0 

0 

o 

0 

D 



J 

0 

0 

0 

0 

0 

0 

0 



J 

0 

0 

0 

0 • 

0 

fj 

0 


i o.ooo 

L ... 3 

1 

0 

0 

0 

0 

*] 

1. 


i o.onu 

i 









1 O.OnO 



b. 

002 

SUMNApa 

C-0 0 



t 0.000 

1 









I o.ooo 

; . ABSORBED 

PQWtW A>-U 







» 11,0 01 

o.onn 

y.onti 


0 , II II 0 

o.noo 

0 . Q il -) 

n. on ii 

o , u n n 

0 , 0 1 il 



y . u ii o 

n.niiO 


0 . 0 0 0 

o.uoo 

U . U 0 •! 

u . j n 0 

o.ono 

o.ono 

• ' Ty ' • 1 

o* uoo 

0 •no 0 


U . U 0 o 

o.ooo 

U . (j 0 ty 

v • ‘J U U 

vno 

O.OOO 


o.ono 

o.ono 


0.000 

o.ooo 

U.OJ.I 

j’ . u n o 

o.ono 

0.0-10 


0.000 

o.ooo. 


o.uoo 

0.000 

U.UC3 

0-000 

o.ono 

0.000 

— " 

o.ono 

o.noy 


o.ooo 

0.0 JO 

P.l'O'l 

t? - U f U 

o.ono 

0.OJ2 


NORMALIZED ABSORBED 

MUrftW AFU 





■ — - - — 

o . n n i) 

o.ono 


0 . n o u 

o.ono 

j.jo n 

J. O'lll 

o.ono 

0 ■ J 1 1 0 


o.uoo 

O.OOO 


0.000 

o.ono 

o.onn 

o.ono 

o.ono 

o.ono 


0.000 

0.0 00 


O.ooo 

0.000 

O.00U 

0.000 

o.ono 

0 .oc J 


0.00 (1 

0 , Of»u 


0 . M 0 U 

0.000 

O.l'JJ 


o.onn 

y . J'iJ 


j 0.000 

0.000 


O.UOO 

0 . 0 0 0 

j . u n y 

u . 0 n o 

u . ono 

0.000 


■ ’ UaUQO, 

0 . '>*0 

1— 

KJt^l 

0 . A U il 


y * ■ • ■ ‘1 

. u - Ij 

-v-.uno 



SUMAP" 0.030 


SOHNAP* 0.000 


AUSUPUEO POwfcl' AFO 
0.000 0.000 

0.000 0,000 


0,000 0.000 

o.onn . .0,000 

'o.OOO 0«(T0 

o.COO o.oyu 


OEGWE E “6 

St GHENT" S 


U , 000 

o.uoo 


0, uoo 
O.nOO 


0.000 
Q.JIOU. 
0.000 
0 ,OO0 


0.000 

o.ooo 

u , II 0 0 
II .000 


NOMMALIZEO ABSORBED POwtk AfU 


0.000 

O.OOO 

0.000 

0.000 

0.000 

0.000 


o.oc 
-0.000 
o.ooo 
0.000 
O.ApO. 
” 0.000 


0.000 
0.000 
o.noo 
■ 0.000 
0 . 1)0 0_ 
"o". 000 


0.00,0 
0.000 
0.000 
0.000 
0.000 
o'; ooo 


O.VO 1 ' 

o.oyo 

O.OnO 

0.000 

y , 0 0 6 

o.onu 

o.ono 

J. 000 1 

— -- 

-- - • 

- 

~ \ 

_ „ B _ ... 

_ . — 


i 

0.000 

V • 0 0 0 

J . ono 

J.000 

„y.m 

..V." GOO 

j. ono 

O.UOO 

o .uno 

0.000 

y.ojo 

u.oot 

r . . Q n U 

O.OnO 

0.030 

i 

O.ooo 

0 . Toil 

o.onu 

1 

0.000 

0.000 

n.000 

o.ono 

0.000 

0 • 0 C 0 

o.ono 

O.OOO 

o.ono 

0.0 Go 

o.ooo 

n.ono 

0.000 


r J iOOV 


0.0 JO 

y .000 

u ,000 

0. Dml 

0.000 


aFU OUIPUT 

0 c 

0 c 


. 0 

0 

0 

0 „ 

0 

1 


, 0 

0 

A 

iu 

27 

AO 


1 7 

.SUMAP- C..B3U.... 

SUiiNAJi 

0J3.3- 



ABSOHriE |> 
1 o-oon 

POVtP AFU 
0 . ono 

0 .000 


0.000 

o*uou 

n.ono 

U.Onn 

o. nno 

0.000 

o.ono 

J .000 

P.OpO 

O.Ono 

o.ooo 

o.OnO 

LUOUO 

0.000 

U »U 4 tO 

y . iiiiO 

o.ono 

0.000 

O.OnO 

u * o n o 

V, uno 

o .ode 

o.Onu 

O.OoO 

0 . f »00 

o . ii n c 

0.000 

o.noo 

11.0 00 

l. • ’J ri U 

o.onu 

o.ooo 

o.nnii - 

0,000 

0 . J II J 

O.OOJ 

0 . 0 (1 0 

0.0 35 

1 NOkmalIZEO abSiiPUEU 

0.000 0.000 

pgwtw 
0.00 0 

O.UOO 

0 . JOO 

li.OOO 

o.uoo 

0.000 

. . . 0 - 000 . . 

O.OOJ. 

. 0.000 

0.05,0 

O.UOO 

0. JOO 

S 0.000 

O.noo 

l ; . uyu 

o.uoo 

0 . joy 

u . ono 

0 . unO 

j O.Onn 

0.000 

0.000 

0.000 

0 . oOll 

c.ooo 

o.ono 

o.ooo 

. O.-OOP 

0.000 

0,(100 

J’.VEJ 

O.OpO . . 

o.opo 

0.000 

0-000 

O.OOJ 

0,000 

o.ono 

O.onu 

0.000 


0.000 

o.ooo 

0. 1 ju 
0. J JA 
0. 1A0 
(I . Ovi 


o.ooo 

o.ooo 

0.001 

O.Ool 

c.oei 

0.001 


E-89 



S(jMAP«? 0 (S. 81 O 


SIJMNAPb 11.250 


SUMAP«2?8. 1 75 


SUMN4PB I i . 640 


ABSORBED 

0.000 

POWER AFU 
O.OpO 

0.000 

*6.570 

*9 . 922 

21.633 

5.824 

0.191 ! ) 

ABSORBED 

0.000 

POWER AFO 
0.000 

u.nou 

2S.2M9 

99.843 

21.633 

2.912 

0.141 

0.0c? 

0.000 

O.OPO 

0.000 

41.148 

17.031 

1.200 

0.150 

0.O00 

0.O00 

9.000 

O.I'OO 

11.6651 . 

.gtr.fTj!- 

1 '.831. 

1»*C9. ... 

0 ♦ 0 ? 9 . 

0.000 

0. OnO 

0.000 

A. 805 

9,000 

3.674 

1 .404 

0,000 

0.000 

0.000 

4.BI-5 

(1 . 0 0 <J 

7.349 

ft • 9p9 

0.145 

0.00ft 

0 . nno _ 

0.000 

0.000 

0 . 0 0 5 

0 * V r.i 0_ 

0 .4pB 

, 0.067 : 

0.000 

0.000 " 

0 . noo 

3.960 

4 . 0 f 'O 

3.U29 

0.490 

O.OftO 

' 0.000 ' 

b.opu 

"6.000 

■0.000 

0.00O 

0*624 

6 . 252 

0 . 055 

. 0.000 

. .0.000 .... 

0.0 0 0., . 

..0 » 0 00 _ . 

0. 9 0.0 

.....1.24 0.. 

.....0.336. .. 

0.072 

0-000 

0.000 

0.000 

0 . DO U 

0.594 

. 0.251 

0.069 

0 ■ 0 36 

0.000 

0.000 

0,000 

0 . 67 J 

<1 . *.94 

0 » OmU 

0.17 1 

0.0*6 


'nOMMALUEI) AhSOPBEU PO*F.H AFU 


0 . 0 0 0 
0 . 0 0 0 
U.000 
0 .000 
0.000 
0.000 

. ,0.'>00 
0.000 
0.000 
0.000 
0.000 

O-.ODO 
0.000 
0.000 
0,000 
0.000 
0. JUO 

5. » 14 

U , pl'u 
' 0.4*3 ' 
0.000 
0,000 
0.00O 

n.l 

1 . 94ll _ 
0 .0 00 
5.000 
0.000 
0.026 

0 * '.) 1 0 
. 0*420 . 
0.087 
0.0 00 
O.oi* 
0, Oil* 

‘ |,juf0 * 


. — - — — 

_ — 



BLin»7 

pFr,ofc«6 






NOKMfli I JTKI» /.HSOpnfli f'llrtFH Afl» 
U.UIJO O.OftO 0.000 i 
y.000 u.000 0.000 1 

_.. 0.000 O.GOQ 0,000 0 

o.oon n.ono o.ooo 0 

0.000 o.oou 0.000 0 

o.oon 0 . 11 1] 0 0.000 6 


-O.ooo 0.453 n.uoo 0.17 3 


DEGREE *h 

SEG^E ^ I ° l U 


_ AtO. OUTPUT... 
3 2 0 

2 0 3 


0 0 

C 0 

J> . 0 . 

0 1 

0 21 

.2... . .34. 


5UBAP. 0 .276 


sumwap* o.oo 2 


A 85 OF 0 E 11 POWKW AFD 


0 

5 0 

2 

0 2 

3 

2 

l O.OOfl 

O.pnO 

O.000 

o.ooo 

1 

.. 1 

... 1 ... 

0 0. jz. 

1_ _ 

3L 

! ; o.oon 

0 • nno 

O.OPO 

0.000 

0 

0 1 

1 

6 i 

z 

b 

0.000 

O.OPO 

0.000 

0.090 

2 

0 1 

1 

2 l . 

4 

1 L 

0.000 

u* non 

0.000 

0 .00 







0.0 00 

O.OOD 

0.000 

0.00 0 


5f|M«P»lBb.62) 


SUf'NAP* 1 u 

.701 


i 0.000 

0.000 

0 . 0 n 0 

y .000 


AOSOHMEU POWEK AFD 


NOPHal 1 2 E n ABSORBED PO^E'< AFD 


6.000 

21.633 

2 • 9 1 2 

0 . 1 9 1 

bl . 727 

17. #11 

1.200 

0.237 

0 . 0 0 !) 

7.3/.4 

1 ,<>U<4 

ft .065 

0.090 

0.060 

0.204 

0.040 

0.009 

0.624 

O.lK.0 

0.033 

1. , 167 . 

_. 9.».?S2 

0 . 1 3«- . 

0-02'j. 

« * u n «J 

r . * 1 0 

o, oy» 

.. 0.001 

2.910 

0 .4?0 

0.0)4 

o.om 

0.090 

0.173 

0.017 

0.000 

0.009 . 

0 . 0 b 0 ... 

0.002 

O.QOO 

0 .090 

. 0 ) * 

n. 002 

G.0O5 

0.0*6 

0.0 06 

n ,uo 2 

0 . 1)00 


►JOOMALUEO. AHSfiUHEU POwt.P AFu 
. 0.000 0,900 0.000 "<J 

0.000 0.000 0.000 0 

0.000 0.000 0.0UO U 

0.000 0.000 0,000 0 

q.Ooo 0.000 o.nng 0 


0.000 

O.OPO 

O.OftO 

o.orfo 

l> t \Jiul 

C . O'lp 

O.OoO 

0 . C ft u 

0.090 

0.000 

O.OftO 

O.w.iu 

0 . coo 

0.000 

ft . OOP 

0.013 

0.400 

0,0110 

0.000 

0.116 

0.069 

O.ugu 

0.069 

0,077* 

0.900 

0.00 0 

0.090 

0.000 

0.099 

0,0 <1 9 

O.OftO 

0.000 

.9.00.0 . _. 

V-OftO,. . 

0.000. 

0.004 

O.nPO 

O.UUO 

O.OftO 

O.voo 

0.00ft 

o.ono 

9.090 

0 . Oo i 



I 


DECVRFE *»6 

... . SEGMENT. u 


OEGHEE'b 

SEGMENT ■» 1 3 


uro OUTPUT 


AFu OUTPUT 


W 

I 

oo 

o 


0 

0_ 

0 

2 

1 

0 


1 o 

0 0 

0 l 

1 0 

SUH/'P* O. 0 PA 


_i_i- 


SUMWAP® 0 . (501 


ASSOWbED POwEP AFO 


,090 
• POO 
.000 
.000 
. oon 
.000 


o.npo o.opo, 

o.npo O.ooo 

O.roO i o.ooo 

0.005 0.000 

0 . 900 0 . 0UU 

0.000 0.000 


_p ,1)00. 
0.000 
0,000 


_y.tiC. 5 _ 
0.095 
0 . 0 0 0 


C.-.QX 2 — 

9.000 

0 .000 


' NORMAL UEO AUSOHMEO FO*ER oFU 


0,000 
. O.OOO . 
o . o o n 
o. oon 
0.000 
o.ooo 


li t o n n 0,000 

_o »abo o . ooo __ 

0,000 o.ooo 

0.000 0.000 

o.ooo . 9.000 . 

0.000 O.OOO 


”0 . oon 
O.OOO 

0.900 
is. C'O 5 

o.ooo 

0.090 

) 

11,0011 

0 , 0 ;• ft 

0 . oon 

0 , 000 . 

0 .Out. _ 

. „ J.OD 0 

0,000 

0.000 

9.090 

0.000 

0.000 

0.000 

O. 90 U ( 1 .. 0 O 0 .. 

.. ,’1 *000 . 

0.900 

0.000 

!■ . (JllIJ 


_ 0 .0 0 0 .. 

9 . 0 n n 

0 . 0 n 0 
..P . 00 0 .. 
G.OoO 
0.000 


0,090 
0 . 0 Cl 0 
O.Ooo 
O.OnO 
,0.000. 
0 . 090 




— 

0 

Q 

0 

1 

0 0 
0 0 

V 

i_ 

0 

0 0 

_ .6 fi_ 





> ,■ 

1 

1 

0 U 

u 

0 

c 0 





1 I 

1 

0 

1 0 

0 

0 

0 1 





. 1 

i 

1 

t 1 

0 

0 

0 35 







SUMAP* 

Q.A10 

SUMNAP= 0,032 





j ; 

AbSOHflED 

POWER AFD 







0 . 0 Ci . 


0.000 

0.^00 

0.000 

0.000 

0. ftoft 

0,09 0 

U.U0O 

0.000 


0.000 


0. oon 

0.090 

0.00(1 

0 . 1* DO 

0,009 

9.090 

0 .1)9(1 

9.000 . 



o^yoti 


0. QUO 

0.0 90 

(1 . u 0 0 

0.000 

y . u .1 0 

6.O11O 

O.OOO" 

0.090 


. 5.001 


o.oon 

. 0.000 

0 . II Ou 

0.050 

0 , (in 0 

0 . 0 n n 

0.000 

0.000 


O.Oli 


o.ooo 

0.090 

0.0 00 . . 

.0,000.. 

_ 0.0 00 

0.900 

0 .005 

",(l ■)&. 

, 

y. 016 


0.0 00 

o.poo 

0 .000 

3. 3J6 

•1,000 

0 « U u U 

0.O9O 

11 . U ty b 


* 

- 1 

NORMAI.I7F0 AVSOfiMEO PIV.EP.AFU 






0,000 


o.ooo 

0 , it 11 n 

9,0(50 

0 , Lpllll 

0 t I/Otl 

9,900 

0,991) 

11,909 


O.OyO 


0.000 

0.01' 0 

0.000 

U . U .1 u 

11 

I* * 00 0 

0,090 

y . Oyu 








-.0 .-O oil o_.5ao ’.0 * 0 0 o 

.0.030 

) 

0.000 

, 1 

0.000" 

0.090 

0.900 

0.000 

v.Ouu 

O.OOO 

0,000 

0.000 


0,90 0 

i 

0.000 

0.090 

0.000 

U , 900 

\J « r J l) 

0.000 

0 . yno 

O.OOw 


0 • 0 ft ft 

, 1 

• 5.00.0- 

,(! , CLM Q- 

.0.. 0 (! Q.... 

_u-,0?a 

ic\ii 



_9.,.'10.P 

..0.000- 



t)EGWFf*t> 

SgGPtf .1 "12 


AFO OUTPUT 


SlWAPi jJ.OIB 

Atisowapb paper afo 


SUKNAP* 0, 0 10 


O.onn 

0.009 

0 . 0 u 0 

0.000 

'j . u n 0 

3.000 

0 , oiin 

0 . 0 II V 

o.uco 

0.090 

0 .90 0 

0 . Odd 

0.090 

0.001) . 

0 .000 

0 ,000 

0.0 09 

0 . 9(10 

0 ,(100 

0.000 

0.000 

!) . 990 

0 , (500 

0.0 90 


NCIHMALlZEP AhSORWCU AF'U 


0 . 0 II U 

0.000 

0.9 (1(1 

0 . 0 0 0 

0 - 

0 . ft 0 0 

0.0 00 

0 . 0 ( 1 0 

0.000 

0.000 

O.ftnO 

o.ooo 

o.OyQ 

.0.050 . 

0.900 

0.009 

0.090 

0.000 


0. II 9 II 
0 . 9 0 U 
0,090 
0,(5 (50 
0,900 
0,050 


o . no n 

0. 09 J 
v . j 0 9 


0.0 0-1 
_ O.m>0 . 
0.000 
0.091) 
O.OOO 

0 . 0 t! (I 


O.OIjO 
•i . 9 r o 
i: . n r 1} 
9,1*0 0 
0 . 6 ?* 
0.090 


C’.OOU 
9 . U (j 0 
ft . 0 1 * 0 
5,000 
9.01S 
0.090 


a.oeo 

0.090 
0 . 090 
0.090 
0.160 
O.U'-') 


O.OtlH 
0 .Oftil 

0.0 90 
0.090 
0.002 
0. U9 1 


ne< 3 MFF »6 

SEGMENT = 16 


AFU OUTPUT 
0 ( 

0 _< 

0 ! 

0 i 

a . ( 


0.000 

0. 09(1 

0 . UP J 
0.0?/ 
0.017 
0 . 01 * 


O.OOO 
0.090 
O.OOO 
0.000 
0,000 
0 . uftO 


SUMAP* 2 . 1*0 


ADSOPWf.U 

0.009 

Pn».'EP AFT) 
0.090 

0 . 0 (1 0 

0.000 

9.000 

II. 000 

(1 .000 

0.500 


0.090 

y.000 

y . 000 

0.000 

0 . u 0 y 

O.onn 

0.000 

0.000 

■ 

0,00 9 

0.009 

0 . moo 

0.000 

g . 0 0 0 

5 . 0 9 U 

0.000 

0. ugu 


0.009 

0 . 0 0 0 

0.909 

0.000 

0 . 0 1‘ 0 

,1 . 9 11 n 

O.OOO 

0 . 11 0 0 

| 

y . 0 0 0 

0.000 

u.uuO 

1.632 

u.ui>0 

Ci . 0 0 9 

0 . 0 0 0 

0. Ow* 

* 

0.000 

0.000 

0.000 

0.336 

0.090 

0.000 

(5.000 

0.127 


NO** M «L I ZED AHSDHUEU 

0.000 "0.000 

Pf)wEP_ 

AFO 






' 0.000“ 

0.9UO 

U .-OOO 

ft". 0 0(1 

b". ono 

0.990 


0 . 000 

0.0(10 

0.000 

0.900 

11 .059 

0.900 

0.000 

O.UgU 


0.009 , 

0.900 

0,000 

5,300 

u.yOO, 

!) • 0 0 0 . 

0.000 

9,00(1 


0.000 

0 . n 11 0 . 

0.00 0 

u, OKU 

y.000 

V . 9 A 0 

0.09 0 

O . 0 (1 9 


0.000 

0.000 

0.050 

0. IS'. 

0 . ooo 

0.000 

0 . OnO 

0 .UI}0 


___3, 0.0.0 ji.,r*0.f) 

_0. ft Till. 

n.1132 

— — 15. .3(1). 9. _ 

9.0)10 

JU.110X1 u.jua — 

— 



E-91 


«UN*7 

_ 0£G u tE*«>. 

SEGMENT * l 5 




ftFD OUTPUT 

ft J) 0. V. ft' V ft 0 


V o 1 ft" 0 V n U 


0 

2 o 

ft 

0 

0 

ft 0 












a 

2 1 

1 

u 

0 

0 2 


i 










i 

1 0 

0 

0 

0 

ft u 


i 










0 

0 1 

u 

0 

0 

1 JB 





















~ 

— 

i ** • vz""" — 

— 

VTUd 


u * vv t 


SUMAP* Z.20S 

SUMNAP 

* O.IOB 


J 


RUN-7 














\ 



OeuRFT.^. 







., j 

ABSORBED 

POwEW AFO 





- 

— 

— — — • — 



SEGMENT *) 7 







0.000 

0.000 

0.000 

0.000 

o.Gon 

o.ooo 

O.OftO 











0.000 

0.000 

O.ftuO 

0.000 

0 . ft 0 0 

ft.ftOO 

O.OftO 

0,000 



AFU 

JUiPUl 






0.000 . 

0.000 

ft.VOO ... 

O.DQO 

U . C O.t'. 

. .0.000 .. . 

O.ooo 

O.OftO .. 


u 

0 2 0 

0 

0 

0 

0 



0*0G<> 

o .cuo 

0 . OUU 

l.ftbft 

u . o o ft 

C . ftftft 

0* Vf>t> 

0.021 ■ 


0 

0 • 1 0 

0 

0 

Q 

0 



0.000 

0.000 

o.ooo 

ft. 00ft 

U-i-Ut) 

P.ftftO 

O.OnO 

0.077 


1 

? 0 1 

0 

ft 

0 

_i_ 



0.000 

000... 

O.ftuft 

0,000 

ft . ft 0 0 

? . y ny 



.0 .000. : 


ft 

l 0 2 

0 

0 

.0 

1 










; 


0 

l ’ 1 0 

0 

0 

0 

B 



NORMAL UEI1 AHSGBHfO 

PORFR AM) 






i 

1.1. 2 

0 

0 

1 .. 

ir„ 



. o.ooo 

O-UOD 

U.UOft 

ft. 000 . 

O.OOO 

0 . ft 0 ft 

0 . ft 1) ft 

O.OftO 










O.OOO 

U.000 

u *uu</ 

u, you 


n « u ii u 

0 .ft (JO 

O.OftO ; 



SI IMAP* 9.601 

SUMNAP* 0.091 




D * DUO 

u •oau 

0.000 

o.oou 

o . n v ft 

ft . ft lift 

.0.000 

0.000 









1 

0.000 

O.OftO ... 

ft . ft 0 ft 

0 . 10 , 7 . _ 

l-: 1 Oft 

5.000 

__0.ft.0 0 

0.0 DO 


ABSORBED 

POWER AFO 







o.oco 

0.000 

O.OOU 

0 . ft 0 ft 

0 . 0 (HI 

0 

o.QftO 

0. UftO 


0.000 

0.000 U.000 

0.000 

0.000 

o.ono 


O.OftO 

O.OftO 

• 0,000 

ft . 0 00 

O.OOU 

a. ooft 

O.ftOO 

ft. Ooft 

o.ono 

u . o ij i i 


0.000 

ft. 000 o.oou 

0 , ft 0 ft 

ft.Oftft 

ft. Op 1) 


O.UuO 

0.000 , _ 










O.ooo 

0.000 O.OftO 

ft, B05 

O.PCO 

0 . 0 U 0 


ft.npn 

0.03J 










0.000 

O.OftO 0.000 

3.9&U 

0 . ft 0 tl 

1.. Olio 


o .unO 

0.013 










u.000 

O.OftO 0.0(10 

U , n fj 0 

o.ooj 

_.iMu0 


ft.Oftft 

0,0*, ft 

r - i " 



1 






0.000 

O.OOO 0.1)00 

0.673 

0.00 ft 

o.ono 


0.015 

O.UJV 

: 

DEGREE"* 

















SE0MEM.16 





... 

• * 

NUMHAL I2ED AMSOWMEO 

A*.U. 















0.000 

0.000 o.oou 

U.ftftft 

ft. 00) 

('••IDO 


0 . u n u 

o.ono 



AFu OUlPuT 






o.ftoo 

0.000 fJ.OOU 

U .000 

ft. 00 ft 

u.000 


O.UnO 

0 . 0 11 ft 

0 

0 0 

ft 

0 

ft 

0 ft 


1 


0.000 

O.OftO o.oou 

0.-.S3 

ft. 1)0,1 

■i.OftU 


ft . 0 n 0 

0 . ft ft 0 

0 

0 o 

0 

0 

ft 

ft 0 




o.ftoo 

O.ftftO O.IIUU 

,0.373 

ft .Oftt) 

i) . 0 ft 0 


IJ . ft n ft 

ft *00 0 

0 

0 0 

0 

a 

0 

0 0 




0.00ft . 

0.000 0.000 

O.ooo 

0.000 

u . ft n D 


O.ftnft 

O.OftO 

1 

ft 0 

ft 

0 

0 . 

0 0 




0.000 ■ 

O.Oftfl 0.000 

0.003 

0 , 0 ft ft 

ft . 0 n u 


O.OftO 

O.OftO 

0 

0 0 

0 

ft 

0 

0 5 












u 

l ft 

u 

0 

0 

0 23 
















4 „„ 



- 

— • _* 



. ' 





4 



SUPAP* 0. 

09*. 

SUMNAP* 0,000 










. 


ABSORBED 

POV.EH .A PO.. 






j 










0.000 

0- OOO 

0. 00ft 

0.000 

u « yyy 

l‘.0'|U 

0 -UftO 

O.OftO 










0.000 

0.000 

u.ooo 

0.00 0 

o.ooo 

<. • II n n 

0 .lift 0 

0.000 










0.000 

ft . P UP 

O.IJOO 

0.0 00 

.to.. 

U . M ij u 

ft.UflO. . 

,0.000 ’ 










0.000 

0 , 0 DO 

0,000 

0.000 

0.000 

u • Cl II (1 

O.OftO - 

0.000 










0.000 

0.000 

0.000 

ft. 000 • 

0.000 

0 . 0 11 0 

O.OftO 

0.02ft 










0.000 

0.00!) _ 

ft 4 l) 0 ft 

0,000 

-0. 0.0.0... 

_.U.UUft 

_ . O.ftftO .... 

ft.OSF ._ : 











NORMALIZED At)S(lRBEU P‘)wE* aED 

0.000 0.000 0*1)00 ft., 10 0 O.UlUJ i-.ftnU o , 0 5 0 

0.000 ^ O.OftO. "ft. DUO u\.fM)0 0.000 U.UllU O.OflO 

o.ooo — o.noft o.aao o.ftco o.oou o.nru o.ooo 

o.ooo o.ooo . ..y.uou o.ooo. g.ooo l * u o o _o. one 

0.000 0.000 0.000 O.UOU O.oCO o.ooo p.ono 

0.000 0.000 0.1100 0.000 O.OOU O.OOO O.OnO 


0 . 0(10 _ 

0. ODD 
o.ono 

o . ooo .. 

v, onu 

u.ooo ' 


! 




RUN 8, DEGREE 1 


(Note: Degrees 1, 2, 3 are degrees 1, 2, 3 for front seat; 

degrees 3, 4, 5 are degrees 1, 2, 3 for center seat.) 
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RUN 8, DEGREE 3 


(Note: Degrees 1, 2, 3 are degrees 1, 2, 3 for front seat; 

degrees 3, 4, 5 are degrees 1, 2, 3 for center seat.) 
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RUN 8, DEGREE 4 


(Note: Degrees 1, 2, 3 are degrees 1, 2, 3 for front seat; 

degrees 3, 4, 5 are degrees 1, 2, 3 for center seat.) 


Frequency and Amplitude Bands are set as follows: 
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Table F. 1. Bus Ride Data for Run 2, Front 


Segment 

Vertical 

Lateral 

Fore-Aft 

Summation 

A-l 

1 

0.385 

0.231 

0.018 

0.634 

3 

2 

0.379 

20.188 

0.019 

(20.586) .398 

2 

3 

0.490 

0.206 

0.027 

0.723 

2 

4 

0.005 

0.002 

0.001 

0.008 

2 

5 

0.291 

1.722 

0.014 

2.027 

3 

6 

0.033 

0.352 

0.000 

0.385 

2 

7 

0.418 

16.940 

0.030 

(17,388) .448 

3 

8 

0.041 

0.084 

0.000 

0.125 

2 

9 

0.624 

2.603 

8.206 

(11,433) 3.22 

3 

10 

0.269 

1.139 

0.021 

1.429 

3 

11 

0.163 

0.125 

0.001 

0.262 

2 

12 

0.061 

1.986 

0.008 

2.055 

2 

13 

0.341 

0.106 

0.063 

0.510 

2 

14 

0.380 

0.170 

0.037 

0.515 

2 

15 

0.627 

1.149 

2.539 

4.315 

3 

16 

0.158 

10.375 

0.016 

(10.549) .174 

2 

17 

0.208 

21.367 

0.001 

(21.576) .209 

2 
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Absorbed Power, Watts 



Subjective Rating 

Figure F.l. Objective vs» Subjective Ride Rating for Run 2, Front 


F-2 



Table F.2, Bus Ride Data for Run 2, Center 


Segment 

Vertical 

Lateral 

Fore-Aft 

Summation 

C-l 

C-2 

1 

0,139 

0.049 

0.006 

0.194 

3 

2 

2 

0,426 

0.771 

0.004 

1.201 

1 

2 

3 

0.737 

0.809 

0.006 

1.552 

2 

1 

4 

0.032 

0.104 

0.000 

0.136 

3 

2 

5 

0.345 

0.171 

0.005 

0.521 

4 

4 

6 

0.013 

3.265 

0.000 

3.278 

1 

4 

7 

0.436 

0.265 

0.008 

0.609 

3 

3 

8 

0.302 

3.074 

0.000 

3.376 

2 

2 

9 

1.177 

(16.398) 

2.139 

(19.714) 3.316 

2 

3 

10 

0.142 

0.255 

0.010 

0.307 

3 

2 

11 

0.184 

1.149 

0.002 

1.335 

2 

2 

12 

0.045 

0.260 

0.000 

0.305 

1 

2 

13 

0.374 

0.196 

0.003 

0.573 

2 

2 

14 

1.071 

(3.730) 

0.013 

(4.814) 1.084 

1 

1 

15 

0.446 

(14.862) 

1.170 

(16.478) 1616 

2 

2 

16 

0.190 

0.120 

0.000 

0.310 

1 

2 

17 

0.180 

1.169 

(7.597) 

(8.946) 1.349 

1 

1 
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Table F.3. Bus Ride Data for Run 6, Front 


Segment 

Vertical 

Lateral 

Fore-Af t 

Summation 

A-l 

1 

0.274 

0.547 

0.190 

1.011 

3 

2 

0.208 

(2.713) 

(2.928) 

(5.849) .208 

2 

3 

0.311 

0.016 

0.010 

0.337 

2 

4 

0.018 

0.029 

0.001 

0.048 

1 

5 

0.254 

0.076 

0.010 

0.340 

4 

6 

0.015 

0.070 

0.016 

0.101 

2 

7 

0.292 

0.058 

0.014 

0. 364 

3 

8 

0.072 

0.254 

0.002 

0.328 

2 

9 

0.179 

0.081 

0.009 

0.269 

5 

10 

0.182 

0.288 

0.033 

0.503 

3 

11 

0.152 

0.029 

0.002 

0.183 

2 

12 

0.038 

0.488 

0.010 

0.536 

2 

13 

0.147 

0.039 

0.011 

0.197 

1 

14 

0.094 

0.037 

0.004 

0.135 

1 

15 

0.124 

0.040 

0.004 

0.168 

2 

16 

0.138 

0.010 

0.003 

0.151 

2 

17 

0.213 

0.120 

0.005 

0.338 

2 
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Absorbed Power, Watts 



Subjective Rating 

Figure F.3. Objective vs. Subjective Ride Rating for Run 6, Front 
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Table F.4. Bus Ride Data for Run 6, Center 


Segment 

Vertical 

Lateral 

Fore-Aft 

Summation 

C-l 

1 

0.155 

0.046 

0.001 

0.202 

2 

2 

0.193 

0.588 

0.002 

0.783 

1 

3 

0.213 

0.209 

0.003 

0.425 

1 

4 

0.021 

0.003 

0.032 

0.056 

2 

5 

0.122 

0.058 

(13.220) 

(13.400) 0.180 

2 

6 

0.009 

0.072 

0.000 

0.081 

1 

7 

0.213 

0.566 ' 

0.003 

0.782 

2 

8 

0.018 

0.056 

0.000 

0.074 

1 

9 

0.187 

2.557 

0.065 

2.809 

3 

10 

0.106 

0.169 

0.022 

0.297 

2 

11 

0.030 

0.004 

0.000 

0.034 

2 

12 

0.034 

0.073 

0.007 

0.114 

1 

13 

0.117 

0.095 

0.001 

0.213 

1 

14 

0.072 

0.018 

0.000 

0.090 

2 

15 

0.129 

1.185 

0.001 

1.315 

1 

16 

0.081 

0.010 

0.001 

0.092 

2 

17 

0.253 

0.132 

0.002 

0.387 

1 


i 
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Table F.5. Bus Ride Data for Run 7, Front 


2gment 

Vertical 

Lateral 

1 

0.022 

0.071 

2 

0.025 

0.002 

3 

0.129 

0.502 

4 

0.005 

0.069 

5 

0.143 

1.060 

6 

0.002 

0.012 

7 

1.165 

9.392 

8 

0.027 

0.071 

9 

0.148 

(12.482) 

10 

0.162 

0.189 

11 

0.006 

0.030 

12 

0.019 

0.070 

13 

0.128 

0.349 

14 

0.812 

3.041 

15 

0.043 

(5.382) 

16 

0.028 

0.374 

17 

0.184 

8.526 


Fore-Aft 

Summation 

a-: 

0.001 

0.094 

3 

0.000 

0.027 

2 

0.004 

0.635 

4 

0.000 

0.074 

2 

0.084 

1.287 

5 

0.016 

0.030 

2 

8.761 

(19.318) 1.165 

4 

0.001 

0.099 

2 

0.005 

• (12.635) 0.153 

6 

0.003 

0.354 

3 

0.000 

0.036 

4 

0.001 

0.090 

1 

0.188 

0.665 

2 

2.534 

(6.387) .812 

3 

0.002 

(5.427) .045 

2 

0.001 

0.403 

2 

0.003 

(8.713) 0.187 

6 
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Absorbed Power, Watts 



Figure F.5. Objective vs* Subjective Ride Rating for Run 7, Front 


F~1Q 


Table F.6. Bus Ride Data for Run 7, Center 


Segment Vertical 


1 

0.043 

2 

0.030 

3 

0.156 

4 

0.006 

5 

0.174 

6 

0.011 

7 

1.088 

8 

0.032 

9 

0.141 

10 

0.135 

11 

0.008 

12 

0.021 

13 

0.186 

14 

0.884 

15 

0.045 

16 

0.046 

17 

0.201 


Lateral 

Fore-Aft 

0.119 

0.001 

0.058 

0.000 

0.967 

0.001 

0.256 

0.000 

1.802 

0.003 

0.076 

0.016 

(13.135) 

(11.258) 

0.601, 

10.701 

(14. 724) 

(11.640) 

0.594 

0.002 

0.069 

0.001 

0.359 

0.018 

2.556 

0.032 

4.306 

0.187 

10.169 

0.188 

0 . 466 

0.000 

0.147 

0.891 


Summation C-l 


0.163 


4 

0.088 


2 

1.124 


2 

0.262 


2 

1.979 


4 

0.103 


1 

(25.481) 

1.088 

4 

(11.334) 

.633 

1 

(26.505) 

.141 

6 

0.731 


3 

0.078 


5 

0.398 


1 

2.774 


3 

(5.377) 

1.071 

2 

(10.304) 

.233 

2 

0.512 


1 

1.219 


5 
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Table F.7. Bus Ride Data for Run 8, Front* 


Segment 

Vertical 

Lateral 

Fore-Aft 

Summation 

1 

0.166 

15.083 

6.101 

21.350 

2 

0.172 

2.519 

0.249 

2.940 

3 

1.095 

16.611 

6.752 

25.458 

4 

0.048 

0.984 

0.002 

1.034 

5 

0.154 

3.190 

0.197 

3.641 

6 

0.008 

0.094 

0.009 

0.111 

. 7 

0.170 

0. 666 

0.012 

0.848 

8 

0.003 

0.070 

0.000 

0.073 

9 

0.127 

0.566 

0.003 

0.696 

10 

0.246 

0.107 

0.054 

0.407 

11 

0.143 

0.108 

0.037 

0.288 

12 

0.025 

0.001 

0.000 

0.026 

13 

0.152 

3.029 

0.227 

• 3.408 

14 

0.076 

0.009 

0.003 

0.088 

15 

0.076 

0.557 

0.002 

0.635 

16 

0.969 

16.090 

0.001 

17.060 

17 

0.108 

0.004 

0.021 

0.133 


*No subjective data available for correlation* 
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Table F.8, Bus Ride Data for Run 8, Center 


Segment 

Vertical 

Lateral 

Fo re-Af t 

Summation 

C-l 

C-2 

1 

0. 765 

0.107 

0.029 

0.901 

4 

5 

2 

1.404 

18.905 

10.362 

30.671 

4 

5 

3 

1.951 

1.452 

0.280 

3.673 

3 

4 

4 

0.238 

0.196 

0.007 

0.441 

3 

3 

3 

0.791 

23.456 

14.000 

38.247 

5 

4 

6 

0.120 

0. 736 

0.011 

0.967 

2 

3 

7 

0.758 

15.917 • 

6.770 

22.445 

4 

4 

8 

0.036 

0.778 

0.000 

0.814 

2 

3 

9 

0.592 

4.237 

6.102 

10.931 

5 

3 

10 

0. 757 

0.845 

0.163 

1.765 

5 

3 

11 

0.321 

0.967 

0.009 

1.297 

3 

2 

12 

0.093 

0. 347 

0.021 

0.461 

3 

4 

13 

0.869 

0.084 

0.064 

1.017 

4 

4 

14 

0.559 

0.070 

0.040 

0.669 

3 

3 

15 

0.527 

4.870 

6.874 

12.371 

3 

3 

16 

1.466 

0.611 

0.054 

2.131 

4 

6 

17 

0.447 

0.006 

0.029 

0.482 

6 

4 


F-14 




APPENDIX G 


Bus Seat Transfer Function Data 


preceding page BLANK NOi filmed: 



ACCELERATION 


60 


.15 


.10 


.05 


1.17 

1.18 

1.12 

1.15 

1.17 

1.19 

1.30 

1.21 

1.13 

1.13 

1.35 

1.50 

1.69 

.82 

.35 

— 

Average 

.07 

.04 

.03 

.04 

.05 

.05 

.07 

.06 

.07 

.06 

.09 

.13 

.20 

.06 

.05 

— 

Standard 
Deviat ion 

1.17 

1.12 

1.16 

1.15 

1.24 

1.29 

1.20 

1.08 

1.07 

1.12 

1.28. 

1.64 

1.91 

.83 

.43 

. 56 

Average 

.07 

.11 

.08 

.09 

.12 

.12 

.10 

.05 

.06 

.09 

.08 

.16 

,23 

.07 

.18 

.05 

Standard 

Deviation 

1.21 

1.08 

1.00 

1.04 

.99 

.98 

1.03 

1.05 

1.12 

1.15 

1.27 

1.58 

1.99 

1.02 

.39 

.48 

Average 

.15 

.10 

.06 

.12 

.12 

.07 

.07 

.10 

.10 

.11 

.16 

.25 

.33 

.13 

.03 

.06 

Standard 

Deviation 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

12 

14 

16 

20 

25 

30 



FREQUENCY, HZ 


Bus Seat 1A Lateral, Transfer Function Amplitude Average/Standard Deviations for 12 Runs 



ACCELERATION 


.15 

oo , . 

.10 

K 

.05 


1.05 

1.12 

1.25 

1.18 

1.18 

1.24 

1.17 

1.17 

1.17 

.04 

.06 

.04 

.09 

.09 

.08 

.11 

’ .19 

.17 

1.16 

1.17 

1.20 

1.26 

1.06 

1.23 

1.23 

1.23 

1.22 

.09 

.08 

.10 

.17 

.11 

.08 

.14 - 

.21 

.20 

1.12 

.94 

.97 

1.07 

1.05 

.99 

1.07 

1.09 

1.12 

.09 

.10 

.08 

.11 

.12 

.12 

*.13 

.17 

.18 

1 

2 

3 

4 

5 

6 

7 

8 

9 


1.08 

.93 

.91 

.92 

00 

.96 

o 

00 

• 

Average 

.17 

.16 

.15 

.18 

.19 

.18 

.16 

Standard 

Deviation 

1.09 

■ .90 

.87 

.85 

.84 

.88 

.72 

Average 

.17 

.14 

.12 

.15 

.16 

.16 

.14 

Standard 

Deviation 

.89 

.86 

.71 

.60 

.68 

.68 

.59 

Average 

.11 

.11 

.08 

.13 

.07 

.12 

.08 

Standard 

Deviation 

10 

12 

14 

16 

20 

25 

30 



FREQUENCY, HZ 


Bus Seat 1A Vertical, Transfer Function Amplitude Average/Standard Deviations for 12 Runs 



ACCELERATION 


, 15 

1.20 

1.19 

1.13 

1.16 

1.19 

1.21 

1.32 

1.21 

1.19 

1.16 

1.37 

1.53 

1.73 

0 

00 

.35 

— 

Average 


.05 

.04 

.04 

.04 

.05 

.05 

.07 

.07 

.06 

.07 

.07 

.12 

.20 

.08 

.04 

— 

Standard 

Deviation 

.10 

1.20 

1.13 

1.16 

1.20 

1.23 

1.32 

1.19 

1.12 

1.10 

1.15 

1.28 

1.65 

1.95 

.82 

.44 

.60 

Average 


.07 

.10 

.09 

.12 

.10 

.11 

.11 

.07 

.07 

.08 

.08 

.17 

.22 

.07 

.15 

.00 

Standard 

Deviation 

.05 

1.23 

1.13 

1.05 

1.04 

1.00 

.98 

1.02 

1.06 

1.14 

1.18 

1.31 

1.63 

2.02 

1.08 

.40 

.98 

Average 


.11 

.10 

.12 

.10 

.10 

.06 

.18 

.09 

.12 

.11 

.19 

.24 

.33 

.13 

.00 

.09 

Standard 

Deviation 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

12 

14 

16 

20 

25 

30 



FREQUENCY, HZ 


Bus Seat IB Lateral, Transfer Function Amplitude Average/Standard Deviations for 12 Runs’ 







ACCELERATION 


.15 

1.01 

1.12 

1.22 

1.15 

1.21 

1.24 

1.24 

1.14 

1.10 

1.01 

.92 

.93 

.86 

.82 

.82 

.79 

Average 

.04 

.08 

.06 

.07 

.08 

.10 

.10 

.10 

.09 

.12 

.13 

.16 

.14 

.15 

.16 

.17 

Standard 

Deviation 


.10 

1.14 

1.15 

1.18 

1.20 

1.09 

1.25 

1.30 

1.22 

1.13 

1.01 

.90 

.90 

.81 

.79 

.82 

.75 

Average 

.08 

.08 

.10 

.13 

.11 

.16 

.16 

.11 

.12 

.14 

.15 

.15 

.14 

.13 

.14 

.19 

Standard 

Deviation 



1.08 

.95 

.94 

1.08 

1.02 

.99 

1.09 

1.14 

1.12 

.95 

.87 

.77 

.63 

.68 

.62 

.59 

Average 

.05 

.06 

.10 

.05 

.09 

.12 

.12 

.12 

.15 

.13 

.11 

.15 

.09 

.12 

.09 

.12 

.17 

Standard 

Deviation 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

12 

14 

16 

20 

25 

30 



FREQUENCY, HZ 


Bus Seat IB Vertical, Transfer Function Amplitude Average /Standard Deviations for 12 Runs 



ACCELERATION 


.15 

1.17 

1.20 

1.17 

1.20 

1.26 

1.23 

1.35 

1.23 

1.16 

1.17 

1.56 

1.59 

1.69 

.74 

.35 


Average 

.07 

.05 

.06 

.07 

.05 

.06 

.00 

’ .09 

.06 

.07 

.12 

.14 

.21 

.08 

.04 

— 

Standard 

Deviation 

.10 

1.16 

1.14 

1.20 

1.19 

1.25 

1.36 

1.19 

1.11 

1.09 

1.14 

1.52 

1.86 

1.81 

.82 

.34 

.55 

Average 

.04 

.06 

.10 

.10 

.14 

.09 

.10 

.10 

.10 

.06 

.16 

. 16 

.25 

.08 

.09 

.04 

Standard 

Deviation 

.05 

1.20 

1.09 

.99 

1.00 

.99 

1.00 

.98 

1.02 

1.06 

1.13 

1.48 

1.94 

1.71 

1.06 

.34 

.48 

Average 

.09 

. .09 

.11 

.04 

.10 

.00 

*.05 

.06 

.11 

.16 

.19 

.16 

.30 

.11 

.08 

.09 

Standard 

Deviation 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

12 

14 

16 

20 

25 

30 



FREQUENCY, HZ 


Bus Seat 2A Lateral, Transfer Function Amplitude Average/Standard Deviations for 12 Runs 



ACCELERATION 



1.00 

1.10 

1,23 

1.14 

1.11 

1.09 

1.09 

1.05 

1.03 

.95 

.83 

.80 

.78 

.76 

.79 

.66 

Average 

.15 

.05 

.05 

.05 

.06 

.07 

.13 

.12 

.12 

.12 

.10 

.12 

.14 

.15 

.14 

.16 

.09 

Standard 

Deviation 


1.14 

1.16 

1.21 

1.28 

1,05 

1.07 

1.12 

1.06 

1.02 

.92 

.80 

.79 

.71 

.69 

.78 

.63 

Average 

.10 

.09 

.10 

.09 

.17 

.10 

.13 

.15 

.09 

.15 

.12 

.13 

.15 

.14 

.10 

.15 

.08 

Standard 

Deviation 


1.04 

.95 

.95 

1.10 

1.07 

.92 

.96 

.94 

.96 

.77 

.74 

.63 

.54 

.59 

.58 

.50 

Average 

.05 

.07 

.10 

.06 

.12 

.12 

.12 

.10 

.08 

.12 

.09 

.14 

.13 

.10 

.12 

.12 

.08 

Standard 

Deviation 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

12 

14 

16 

20 

25 

30 



FREQUENCY, HZ 


Bus Seat 2A Vertical, Transfer Function Amplitude Average/Standard Deviations for 12 Runs 



1.19 

1.20 

1.18 

1.20 

1.27 

1.23 

1.33 

1.24 

1.17 

1.19 

1.58 

1.63 

1.73 

.76 

.33 

— 

Average 

.07 

.05 

.05 

.05 

.06 

.06 

.09 1 

.09 

.06 

.07 

.12 

.14 

.23 

.09 

.03 

— 

Standard 

Deviation 

1.16 

1.14 

1.20 

1.18 

1.27 

1.36 

1.19 

1.13 

1.12 

1.13 

1.54 

1.87 

1.86 

.82 

.35 

.73 

Average 

.08 

.09 

.09 

.09 

.14 

.10 

.13 

.11 

.10 

.08 

.19 

.16 

.29 

.11 

.12 

.22 

Standard. 

Deviation 

1.21 

1.11 

1.03 

.97 

.95 

.95 

.97 

1.07 

1.09 

1.14 

1.46 

1.90 

1.70 

.99 

.30 

.79 

Average 

.12 . 

.10 

.13 

.09 

.12 

.10 

• .11 

.26 

.12 

.14 

.22 

.20 

.20 

.15 

.13 

.05 

Standard 

Deviation 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

12 

14 

16 

20 

25 

30 



FREQUENCY, HZ 


Bus Seat 2B Lateral, Transfer Function Amplitude Average /Standard Deviations for 12 Runs 



1.01 

1.11 

1.22 

1.12 

1.09 

1.09 

1.13 

1.08 

1.06 

.04 

.05 

.05 

.09 

.07 

.07 

.10 

.12 

.11 

1.10 

1.14 

1.23 

1.21 

1.00 

1.06 

1.15 

1.11 

1.01 

.09 

.09 

.10 

.15 

.10 

.10 

.09 

.11 

.21 

1.06 

.94 

.95 

1,09 

1.01 

.89 

.94 

.91 

.92 

.09 

.08 

.07 

.09 

.08 

.12 

.09 

.10 

.10 

1 

2 

3 

4 

5' 

6 

7 

8 

9 


.97 

.82 

.81 

.85 

CO 

• 

.74 

.64 

Average 

.15 

.13 

.18 

.14 

.15 

.16 

.12 

Standard 

Deviation 

.98 

.78 , 

.81 

00 

.71 

.71 

.58 

Average 

.13 

.12 

.12 

.14 

.09 

.11 

.12 

Standard 

Deviation 

.81 

.72 

.65 

.55 

.64 

.51 

.45 

Average 

.14 

.08 

.11 

.10 

.10 

.09 

.09 

Standard 

Deviation 

10 

12 

14 

16 

20 

25 

30 



FREQUENCY, HZ 


Bus Seat 2B Vertical, Transfer Function Amplitude Average/Standard Deviations for 12 Runs' 



1.18 

1.19 

1.15 

1.18 

1.22 

1.22 

1.33 

1.22 

1.16 

1.16 

1.17 

1.13 

1.18 

1.18 

1.25 

1.33 

1.19 

1.11 

1.10 

1.14 

1.21 

1.10 

1.02 

1.01 

.98 

.98 

1.00 

1.05 

1.10 

1.15 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 


FREQUENCY, HZ 


1.47 

1.56 

1.71 

.78 

.35 


Average 

Standard 

Deviation 

1.41 

1.76 

1.88 

.82 

.39 

.61 

Average 

Standard 

Deviation 

1.38 

1.76 

1.86 

1.04 

.36 

.68 

Average 

Standard 

Deviation 

12 

14 

16 

20 

25 

30 



Bus Seat Lateral, Transfer Function Amplitude Average for All Seats 



ACCELERATION 


.15 

1.02 

1.11 

1.23 

1.15 

1.15 

1.17 

1.16 

1.11 

1.09 

.10 

1.14 

1.16 

1.21 

1.24 

1.05 

1.15 

1.20 

1.16 

1.10 

.05 

1.08 

.95 

.95 

1.09 

1.04 

.95 

1.02 

1.02 

1.03 

“ > ' *■ 

1 

2 

3 

4 

5 

6 

7 

8 

9 


1.00 

.88 

.86 

.85 

.81 

.83 

.72 

Average 

Standard 

Deviation 

1.00 

' .85 

.84 

.79 

.76 

.80 

.67 

Average 

Standard 

Deviation 

.86 

.80 

.69 

.58 

.65 

.60 

.53 

Average 

Standard 

Deviation 

10 

12 

14 

16 

20 

25 

30 



FREQUENCY, HZ 


Bus Seat Vertical, Transfer Function Amplitude Average for All Seats 



APPENDIX H 

Absorbed Power-ISO Standards 
Correlation 




An International Standards Organization (ISO) standard defining 
human tolerance to whole-body vibration has been under development for 
a number of years. It is understood that it has received the necessary 
approval by ISO member nations and is likely to be published shortly. A 
Draft International Standard (ISO/DIS 2631), "Guide for the Evaluation 
of Human Exposure to Whole-Body Vibration," was submitted on April 28, 

1972 and voted on by August 28, 1972. It seems likely that European 
countries will incorporate the ISO document into their own new standards, 
and replace existing standards of which the most significant is that of the 
German VDI (12). 

Three degrees of disturbance are postulated: reduced comfort, fatigue 

decreased proficiency, and an exposure limit above which an acute physical 
hazard due to the vibration is considered to exist. The standard suggests 
methods of dealing with broad frequency band linear vibration in a given 
direction, but does not deal adequately with combined effects of different 
directional vibration components or effects of rotational vibration. 

The limitations of this standard are well known by its originators, 
and it has been stressed that the criteria suggested must be confirmed 
in each individual type of vibration environment. There are four further 
limitations of the draft standard: first, the standard deals with vibra- 

tion only above 1 Hz, whereas significant amounts of energy even in the 
vertical direction exist below 1 Hz; second, only two alternative measure- 
ment procedures are specified allowing either (a) third-octave analysis of 
each vibration component so that individual frequency components can be com- 
pared with the appropriate limiting criteria for that frequency, or (b) 
averaging of a component vibration in a frequency-weighted meter with a total 
effect indicated from the weighting; third, no provision is made to account 



for more than one degree of freedom at a time (it is not reasonable to say 
a person can be vibrated up to the limit in all six degrees at the same 
time); and, fourth, the present standards are only good for three degrees. 

Since the authors were successful in correlating AP with subjective 
data in this work, a further correlation of ISO standards and AP was made. 
Figures H.l and H. 2 show a comparison of constant AP levels (across the 
frequency spectrum) with the proposed ISO standards for the vertical direc- 
tion. Figure H.l is for one-hour and Figure H~2 is for 4-hour exposure. 

These curves were obtained by plotting the ISO curves onto an AP versus 
frequency plot to find the mean AP over the 1 to 100 Hz range. It is noted 
that in the whole-body frequency range, AP is slightly more conservative; in 
the 10 to 100 Hz the two agree; but in the 2 Hz and below, the AP is not as 
restrictive as ISO standards. Since AP only accounts for vibration effects, 
such things as motion sickness are not accounted for and thus there is justi- 
fication for the harsher requirement of ISO standards in this range. 

Figures H. 3 and H.4 are a similar set of curves comparing constant AP 
for fore-aft and side-to-side motion with the single ISO standard of hori- 
zontal motion. Perhaps the most important finding in this comparison is 
that for each exposure time, the constant AP magnitude was the same for each 
of the three directions. Since AP is based on the fact that ride comfort 
can be measured by a scaler (i.e., absorbed power), these findings support 
this idea of a single number. Table H.l lists the AP for each of the three 
ISO motions. 

The final conclusion is that one can use ISO standards as an overall 
criterion and can combine more than one degree of freedom by using the AP 


H-2 



technique to add them up. It thus appears, if the proposed ISO standards 
are to be used as a standard, a combination of ISO Standards and the AP 
method is required. 

The method proposed takes care of the third objection and still leaves 
the other three. In particular, the first and fourth are the most severe 
limitations. 
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Table H.l 


Average Absorbed Power Levels to Meet 
ISO Levels for FDP 


Exposure 

Time 

Vertical 

Average AP 
Side to Side 

Fore-Aft 

1 Min. 

8.22 

8.22 

8.22 

16 Min. 

4.64 

4.64 

4.64 

25 Min. 

3.28 

3.28 

3.28 

1 Hr. 

1.47 

1.47 

1.07 

2.5 Hr. 

.52 

.52 

.52 

4 Hr. 

.29 

.29 

.29 

8 Hr. 

.103 

.103 

.103 


To obtain AP for 

"fexposure limits": multiply AP (FDP) values by 4, 

"reduced comfort boundary": divide AP (FDP) values by 9.9225. 



FIGURE H. 


FREQUENCY (Hz') 

• ISO-Vertical and Vertical Constant Power 


H-5 


Full Lugar; 


> lyrk' ( 



: FREQUENCY (IIs) 

FIGURE H.2* ISO-Vertical and Vertical Constant Power 
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FIGURE H.3. ISO-Horizontal and Side-to-Side, Fore-Aft Constant Power 


full Logarithmic. 3 * 3 {.yck> 



